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Periodontal Regeneration in Human 
Class it Furcations Using Purified 
Recombinant Human Pfatelet-Derived 
Growth Factor-BB (rhPDGF-BB) with 
Bone Allograft 

Marcel0 Camelo*/Marc L. Nevins, DMD, MMSc**/ 
Robert K. Schenk, MD, Prof Dr Med***/Samuel E. Lynch, DMD, DMSc****/ 
Myron Nevins, DDS***** 

This human clinical trial evaluated the clinical and histologic response ‘to recombi- 

nant human plate/et-derived growth factor-65 (rhPDGF-56) delivered in bone a/lo- 
graft for the treatment ofadvanced Class II furcation defects. Three mandibular 
and one maxillary molar furcation defects were treated: Two received 0.5 mg/mL 
and two received 1.0 mg/mL rhPDGF-BB, in ali cases mixed with DFDBA. Clinical 
probing depths and attachment levels were obtained presurgicafly and 9 months 
postsurgical, after which the teeth and surrounding tissues were removed en bloc. 
Both concentrations of rhPDGF-56 resulted in substantially improved horizontal 
(mean 3.5 mm) and vertical (mean 4.25 mm) probing depths and attachment levels 
(mean 3.75 mm). Histologic evaluation revealed periodontal regeneration, includ- 
ing new bone, cementum, and periodontal l igament corona/ to the reference 
notch. Regeneration was also present coronal to the original osseous crest. In one 
case where an enamel projection extended into the fornix of the furcation, new 
calcified tissue with new inserting connective tissue fibers was observed over the 
enamel. This study documented the favorable tissue response to rhPDGF-65 
treatment at both the clinical and microscopic levels, provided the first human his- 
tologic evidence that new calcified tissue with inserting collagen fibers can occur 
over enamel projections within furcations, and demonstrated for the first t ime th&t 
complete periodontal regeneration can be achieved in advanced C/ass /I furcation 
defects using a combination of purified recombinant growth factor and bone allo- 
graft. (Int J Periodontics Restorative Dent 2003;23:213-225.) 

*Private Practice, Beio Horizonte, Brazil. 
**Instructor, Harvard School of Dental Medicine; and Private Practice, Boston. 

***Professor Emeritus, University of Bern, Switzerland. 
****BioMimetic Pharmaceuticals, Franklin, Tennessee. 

*****Director, Institute for Advanced Dental Studies, Swampscott, Massachusetts. 

Reprint requests: Dr Myron Nevins, 90 Humphrey Street, Swampscott, 
Massachusetts 01907. 

One of the greatest challenges in 
the field of periodontics continues to 
be the treatment of multirooted 
teeth demonstrating inter-radicular 
loss of the periodontium (furcation 
invasion). While added stability may 
be provided by extra root anchor- 
age, furcated teeth and their sur- 
rounding tissues possess anatomic 
characteristics that make treatment 
difficult and results unpredictable 
with current therapies. Although 
there are reports of “clinical success” 
in the treatment of Class II furca- 
tions, there are no reports of peri- 

odontal regeneration in humans, as 
verified by the histologic documen- 
tation of new bone, periodontal tig- 

ament (PDL), and cementum coronal 
to a reference notch placed at the 

base of calculus at the time of 
surgery. Thus, while it is always 
preferable to regenerate lost peri- 

odontium, this goal has not been 

demonstrated in human furcations. 
To overcome the prevailing healing 

limitations in furcation defects, the 

principles of tissue engineering were 

applied using a purified growth fac- 

tor together with an osteoconduc- 

tive scaffold to stimulate the 
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patients’ own cells toward a regen- 

erative response. 

Tissue engineering is the rela- 

tively new, highly promising field of 
reconstructive biology that draws on 

recent advances in medicine and 

surgery, molecular and cellular biol- 

ogy, polymer chemistry, and physi- 

ology. In its broadest sense, tissue 

engineering is considered to be any 

attempt to regenerate tissues of the 
body, whether accomplished in the 

laboratory or directly in the patient, 

by combining three key etements: 
scaffolds or matrices, signaling mol- 

ecules, and cells. By combining 
these three elements, tissue (and 
organ) regeneration that was not 
previously possible can ,often be 
accomplished. 

Bone autografts have been 
referred to as the “gold standard” in 
osseous grafting procedures 

because they are generally believed 
to provide the best results of avail- 
able materials, presumably because 

of the presence of conductive bone 
trabeculae, cells, and signaling mol- 
ecules (eg, growth factors). However, 
their use is often contraindicated 

because of insufficient availability of 
intraoral graft, frequency of’postop- 

erative pain at the donor site, and 

increased potential for postsurgical 
complications reiated to the graft 

harvest site. Equally important, even 

in autografts, the number of viable 

osteoprogenitor cells may be small 

and the amount of growth factors 
limited, especially in patients over 

the age of 50. Because of these lim- 
itations, periodontal therapies aimed 

at regenerating the periodontium 

have for many years used nonviable, 

osteoconductive matrices. These 

mostly inert, physical matrices exert 

just one key element of the tissue- 

engineering triad and therefore, 

although they are clinically effective 

in some cases (eg, deep intrabony 

defects), they are not predictable in 

the wide variety of bone defects 

encountered routinely by the practi- 

tioner. 

Growth factors are signaling 

molecules that have received a great 

deal of attention in the periodontal 
and craniomaxillofacial fields as clin- 
icians continue to seek an “off-the- 

shelf” material that could replace 
and/or enhance autografts and pro- 
vide better, more consistent results 
than current bone scaffolds and 
matrices. Growth factors are mito- 
genie (proliferative), chemotactic 

(stimulate directed migration of 
cells), and angiogenic (stimulate new 

blood vessel formation). Therefore, 
they appear to be critical to the 
wound-healing process. The growth 
factor that has received the most 

attention in hard and soft tissue 
wound healing is platelet-derived 
growth factor (PDGF). PDGF is the 

natural wound-healing “hormone.” 

It is naturally produced by the body 
at sites of soft tissue (gingiva and 

skin) and bone injury. lsoforms of 

PDGF are present in bone matrix 

and are produced locally at fracture 

sites.14 Gene knockout studies (in 

which a specific gene is deleted) 

have shown that when a PDGF 

receptor gene is deleted, gross 

abnormalities occur in the embry- 

ologic development of the skeleton, 

suggesting the critical importance 

of PDGF in skeletal development5 

PDGF is the most thoroughly 

studied growth factor in periodon- 

(” 

tics. Since the original repot-6 that 

demonstrated periodontal regener- 

ation following in vivo application of 

PDGF in the late 198Os, nearly 100 

studies on PDGF’s effects on PDL 

and alveolar bone cells and regen- 

eration of the periodontium in ani- 

mats and humans have been pub- 
lished. An initial human clinical trial 

demonstrated that application of 
150 ug/mL of recombinant human 
PDGF-BB (rhPDGF-BB) and recom- 
binant human insulin-like growth fac- 
tor (rhlGF)-1 results in a significant 
improvement in bone fill compared 
to open-flap debridement plus 

placebo. 
The primary objective of this 

study was to determine if it is possi- 
ble to achieve regeneration in 
advanced Class II furcation defects in 
humans following placement of a tis- c 

sue-engineering product that com- 
bines purified rhPDGF-BB with allo- 
geneic bone matrix. The secondary 
objectives of this study were to 

determine the safety and biocom- 
patibility of the materials evaluated 
and the osteogenic potential of the 

product in advanced human furca- 

tion defects. 
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Method and materials 

All patients screened for the study 

signed informed consent statements 

after discussing any questions they 

may have had with the study inves- 

tigator(s). Four molars with advanced 

Class II furcation defects were 

selected for treatment after two clin- 
icians not involved in the study 

judged these teeth to have a hope- 
less prognosis. Initial preparation 

included complete-mouth scaling 

and root planing (except for the 
study tooth), oral hygiene instruc- 
tion, and selective occlusal grinding 
when indicated. A baseline exami- 
nation was performed after initial 
preparation was completed, no 
more than 14 days before surgical 
treatment (or the day of surgery). 
The baseline examination included 
the following detailed measure- 
ments of the target tooth defect: 

1. 

2. 

3. 
4. 
5. 

6. 
7. 

8. 

9. 

Horizontal probing pocket depth 
within the furcation (hPD; > 5 mm) 
Vertical probing pocket depth 
(vPD; 2 5 mm) 
Clinical attachment level 
Free gingival margin 

Generalized probing measure- 
ments of all teeth 

Radiographs of the target tooth 

Oral hygiene measures, includ- 
ing complete-mouth plaque, gin- 

gival, and calculus assessments 

Record of cigarette use 

Record of selected medication 
use (nonsteroidal antiinflamma- 

tory drugs, steroids) 

Following administration of local 

anesthesia, full-thickness muc-ope- 

riosteal flaps were elevated. Granu- 

lation tissue was carefully enudeated 

from the osseous defects, and the 

root surface was then notched using 

a small round bur at the apical extent 

of the calculus. Subgingival soft and 

hard deposits on the root surface 

were removed by scaling and root 

planing using hand and/or ultrasonic 

instruments to ensure thorough 

degranulation and root planing. 

Direct measurements of the fur- 
cation area were performed using a 

calibrated probe, scoring the fol- 
lowing dimensions: 

I. Horizontal bone depth of the fur- 
cation defect at its deepest loca- 
tion, using a reference probe 

placed across the adjacent root 
surfaces 

2. Vertical bone depth of the furca- 
tion defect at its deepest loca- 
tion, using the fornix of the fur- 
cation as the fixed reference 

3. Width of the furcal orifice at its 
base, measured in a horizontal 
dimension at the level of the 
alveolar crest within the furcation 

After completing scaling and 
root planing and obtaining all mea- 

surements, the root surface was con- 

ditioned with a tetracycline paste for 

4 minutes for decontamination and 

removal of the smear layer. During 

this period, an amount of deminer- 

alized freeze-dried bone allograft 

(DFDBA) sufficient to fill the peri- 

odontal defect was saturated with a 

solution of rhPDGF-BB (0.5 or 1.0 
mg/mL), and the rhPDGF-BB/alfo- 

graft mixture was allowed to sit for 

about 10 minutes. 

Following root conditioning, the 

wound was rinsed thoroughly with 

sterile saline. The root surfaces were 

then completely dried, and applica- 

tion of the rhPDGF-BB solution 

began at the coronal aspect of the 

exposed roots and proceeded api- 

tally as far as possible into the fur- 
cation and the base of the defect. 

The rhPDGF-BB/allograft mixture 
was then packed into the osseous 

defect. Throughout the procedure, 

care was taken to protect the root 
surface and defect from saliva. The 
gingival flaps were secured with 
interdental sutures to obtain cover- 
age of the surgical site. The surgical 
site was protected with a periodon- 
tal dressing. The patient was instruct- 
ed not to brush or floss the surgical 
site until the sutures were removed. 
Ten days after surgery, or when the 
flap had become stabilized by heal- 
ing, the sutures were removed. 
Patients were instructed to rinse with 
chlorhexidine mouthrinse (0.12%) 
daily for 6 weeks. Analgesics were 
prescribed for management of post- 
operative discomfort. A record of 

analgesics taken (prescribed and 
over the counter) was kept. 

Postoperative examination and 
professional cleansing of the surgical 

site with chlorhexidine occurred at ?, 

2, 4, 8, and 12 weeks and every 6 
weeks thereafter until en bloc biop- 

sies were obtained at 9 months. At 

3 and 6 months postsurgical, peri- 

odontal maintenance was per- 

formed, and at 6 months, periodon- 
tal probing depth and vertical clinical 

attachment level measurements 

were obtained. Bleeding upon gen- 

tle probing was noted when ob- 
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Clinical measurements (mm) 

Vertical Horizontal Clinical I 

Case 
probing depth 

Pre Post Change 
probing depth 

Pre Post Change 
attachment level 

Pre Post Change 
Recession 

Pre Post Change 

1 (Q.5 mg/mL rhPDGF1 8 2 6 7 3 4 82 6 0.0 0 
2 (0.5 mg/mL rhPDGF) 8 3 5 7 4 3 84 4 0 I 1 
3 (l&I mg/mL rhPDGF) 6 2 4 5 2 3 9 5 4 3 3 0 
4 (I .O mg/mL rhPDGFl 5 3 2 6 2 4 76 1 23 1 

served. Immediately prior to biopsy, 
at 9 months postsurgical, the clinical 

assessments were again performed, 
and a second periapical radiograph 
was obtained. Following administra- 
tion of local anesthetic, the region of 
the original osseous defect and ad- 
jacent tooth structure was ‘removed 
en bloc as previously described. The 
marginal gingiva and osseous tissue 
to the base of the original peri- 
odontal defect were included, with a 
minimum of extra tissue. After block 
extraction, the resultant defect was 
reconstructed with autogenous bone 
grafts, and postsurgical care was pro- 
vided to achieve proper healing. No 
data collection occurred after biopsy. 
The reconstructed site was restored 

with dental implants and the appro- 
priate prosthesis. 

The biopsies were immersed in 
a solution of 4% formatdehyde, 

dehydrated in ethanol, and infil- 

trated and embedded in methyl 

methacrylate. Undecalcified sections 

approximately 300 pm in thickness 

were obtained using a low-speed 
diamond saw with coolant. The sec- 

tions were glued onto opalescent 

acrylic glass, ground to a final thick- 

ness of approximately 80 pm, and 

stained with toluidine blue and basic 
fuchsin. Step serial sections were 

obtained in a mesiodistal plane. The 
following histologic parameters were 
evaluated: 

1. Overall tissue health 
2. Degree of inflammation associ- 

ated with the graft site, as deter- 
mined by the presence or ab- 

sence of inflammatory cells, eg, 
neutrophils and macrophages 

3. Presence or absence of a com- 
plete new attachment appara- 
tus, including bone, PDL, and 
cementum, coronal to the root 
reference notch 

Analyses were performed to 

compare changes in clinical para- 
meters from their baseline values, 

Categoric measurements were dis- 

played as counts and percentages, 

and continuous variables were dis- 

played as means, medians, standard 

deviations, and ranges. 

Results 

All sites healed uneventfully. 

Clinically, wound healing appeared 

enhanced, with the gingiva appear- 

ing pink, firm, and completely 
closed 1 week postsurgical. Pre- and 

postsurgical probing pocket depths 
and clinical attachment levels for 
each patient are shown in Table 1. 
Complete new attachment appara- 
tus regeneration was present in all 
four cases. 

Case ‘I 

The first patient was a 47-year-old 
woman with advanced periodontal 
disease (type IVJ who was otherwise 

healthy. The patient presented with 
a vPD of 8 mm, a 7-mm hPD, and an 
8-mm attachment loss on the buccal 
aspect of the mandibular right sec- 

ond molar. Following flap reflection, 

extensive deposits were observed 
on the roots, extending to within ‘I to 

2 mm of the base of the osseous 

defect. There was a 6-mm vertical, 5- 

mm horizontal, circumferential moat- 

type intrabony defect (Figs la and 
1 b). After thorough debridement 

and root preparation, the defect was 

treated with 0.5 mg/mL rhPDGF-BB 

in allograf’t (Fig Ic). Healing pro- 

gressed wetl, with the tissue already 

c 
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Figs 1 a and 1 b Case I exhibits a 6-mm vertical, S-mm horizontal, circumferential moat- 
type intrabony defect. Extensive calcuius is apparent on the root surfaces to within 1 to 2 
mm of the base of the defect. Roots are notched at the base of calculus and carefully 
planed, and defect is debrided to remove all granulation tissue. 

pink and firm by 1 week. No serious 
adverse events were reported for 
any of the cases. At 9 months post- 
surgery, there was a clinical attach- 
ment gain of 6 mm, no recession, 
and vPD and hPD of 2 mm and 3 
mm, respectively. The tissues 
appeared healthy, with no signs of 
inflammation. 

Histologic evaluation of the 9- 
month biopsy revealed that the 0.5 
mg/mL rhPDGF-E3B plus ailograft 
was completely biocompatible as 
determined by the lack of any his- 
tologic markers of inflammation, 
eg, inflammatory cell infiltrate. Peri- 
odontal regeneration, including 
new bone, cementum, and PDL, 
was present coronal to the refer- 
ence notch placed during surgery at 
the base of calculus (Fig Id). The 
new bone was most dense at the 
apical aspect of the original defect. 
In this area, the new bone was con- 
tinuous with the original bone and 
was of the same density. It was a 

composite of iamellar and woven 
bone, which appeared to be under- 
going normal remodeling. Osteo- 
cytes were abundant, particularly in 
the woven bone. Haversian systems 
were forming normally. 

The width of the new PDL adja- 
cent to the notch was remarkably 
similar to the width of the PDL in the 
preexisting periodontium (Fig 1 e). 
In this area, the new PDL was well- 
organized, with primarily horizontal 
and tangential fibers and a clearly 
visible vascular network. In fact, the 
regenerated PDL was indistinguish- 
able in all aspects from the preexist- 
ing PDL apical to the original os- 
seous defect. New cementum was 
continuously present on the root sur- 
faces from the apical extent of the 
root planing, completely around the 
fomix of the furcation, to the apical 
extent of root planing on the adja- 
cent root (Figs 1 d to 1 f). The new 
cementum was cellular in nature. 
The apical extent of the root planing 

Fig 1 c rhPDGF-BB solution is applied 
directly to the root surfaces and also used 
to saturate sufficient DFDBA to completely 
fill the osseous defect. 

and new cementum corresponded 
to the original base of the osseous 
defect and was I to 2 mm apical to 
the base of the root notch. 

In the coronal aspect of the orig- 
inal defect area, the new bone was 
less dense. The presence of osseous 
trabeculae gave the appearance of 
“islands” of new bone, but these 
were most likely interconnected in 
pianes other than the plane of the 
section. The osteoid nature of the 
new bone in the coronal aspect of 
the furcation and the presence of 
osteoblasts lining the osteoid sug- 
gest that bone formation was con- 
tinuing to occur at the time the 
biopsy was obtained. Small rem- 
nants of bone allograf-t were pre- 
sent. These islands of allograft were 
often, although not always, partially 
or comptetely incorporated in new 
bone (Fig If). Interestingly, no 
epithelium was present within the 
furcation, even though no mem- 
brane was used. 
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Fig 1 d Nine-month biopsy shows regen- 
eration coronal to the root notch (to&dine 
blue-basic fuchsin stain; original magnifi- 
cation x 6.3). 

Fig 1 e Right box from Fig Id: New 
cementurn (NC) is present along the entire 
length of the root surfaces within original 
defect. New bone (NB} adjacent to the 
notch has similar density as preexisting 
alveokr bone. New periodontal ligament 
(PDL) is indistinguishable from that apical to 
original defect, There is no long junctional 
epithelium, although no membranes were 
placed (toluidine blue-basic fuchsin stain; 
original magnification X 251. 

Fig If Left box from Fig Id: Remnants of 
DFDBA (*) are still visible (toluidine blue- 
basic fuchsin stain; original magnification x 

25). NB = new bone; NC = new cementum. 

Case 2 

The next treated defect, in a 27-year- 
old woman on the lingual surface of 
a mandibular right second molar, 
exhibited an 8-mm vertical attach- 
ment loss and a vPD and hPD of 8 
mm and 7 mm, respectively. Upon 
flap reflection, the osseous defect 
was found to be a &mm vertical, 4- 
mm horizontal, one- to three-walled 
intrabony defect. The regenerative 
treatment regimen used 0.5 mg/mL 
rhPDGF-BB in allograft. As in all 
cases, the postoperative healing 

progressed uneventfully and 
appeared to be more rapid than is 
customarily observed fotlowing fult- 
thickness flap reflection, Nine 
months following treatment, there 
was a &mm gain in clinical attach- 
ment and 1 mm of recession. The 
vPD was 3 mm, and the hPD was 4 
mm. All gingiva in the treated area 
exhibited minimal edema or ety- 
thema. 

Histologic analysis of the 9- 
month biopsy revealed that the 
treated site was healthy, with no 
signs of inflammation, and had a 

histologic appearance similar to 
that observed in case 1. A highly 
interesting finding in this case was 
the presence of an enamel projec- 
tion/pearl covered with a calcified 
tissue with inserting collagen fibers 
(Fig 2). The enamel projection was 
present at the fornix of the furca- 
tion. In some sections, the cemen- 
turn-like calcified matrix was con- 
tinuous with the new cementum 
that lined the entire length of the 
planed root surfaces and exhibited 
approximately the same thickness 
and histologic appearance (Fig 2a). 
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Fig 2a Furcation area from case 2 shows 
an enamei projection/pearl (EP) in the 
fomix of the furcation. The enamel is cov- 
ered with a /ayer of cementum-like calci- 
fied tissue continuous with the new 
cementum lining the root surfaces (toiui- 
dine blue-basic fuchsin stain; original 
magnification x 25). 

New collagen fibers inserted into 
the cementurn-like substance, sug- 
gesting that a new attachment had 
formed over the enamel projec- 
tion (Fig 2b). In other sections, the 
edges of the enamel projection 
were partially covered with the 
new cementum-like calcified tis- 
sue, while the remainder of the 
enamel was in contact with dense 
connective tissue fibers coursing 
primarily longitudinally from the 
new cementurn-like layer covering 
one root to the new cementum- 
like layer covering the adjacent 
root (Fig 2~). 

While the continuity of the cal- 
cified substance with the new 
cementum covering the remainder 
of the root surfaces in the defect 
area suggested that this substance 
was indeed cellular cementum, this 
could also have been a thin layer of 

Fig 2b New collagen fibers insert into the 
cementum-like material. Separation of new 
cementum-like material from enamef is likely 
an artifact. Mild inflammation is present. The 
morphology of the calcified tissue in the up- 
per right corner gives the appearance of a 
secondary osteon or new cementurn bridg- 
ing the narrow gap between new cementurn 
on the roat surface and that covering the 
enamel projection (EP) (toluidine blue-basic 
fuchsin stain; original magnification X 25). 

new bone. Suggestive of the possi- 

ble bony nature of this substance is 
the formation of a structure resem- 
bling a secondary osteon at one side 
of the enamel projection (Fig 2.b). 
Although it is difficult to determine 
with certainty the exact nature and 
origin of this calcified layer, clearly 
visible collagen fibers inserting into 
it formed a new attachment to the 
tooth root. 

Case 3 

The third case, which was in a 40- 
year-old woman, evidenced an 
uncontained zero-wailed horizontal 
osseous defect on the mesiopalatal 
aspect of a maxillary first molar. The 
defect measured 6 mm vertically 
from the fornix and 5 mm horizon- 
tally. The attachment loss measured 

Fig 2c In some sections, the new calcified 
material completely covered the enamel, 
whiJe in others it partially covered the 
enamel, with the remainder of the enamel 
covered with dense collagen fibers orient- 
ed longitudinally (toluidine blue-basic 
fuchsin stain; original magnification X 25). 
EP = enamel projection/pearl. 

9 mm on the palatal aspect. The site 
was treated with 1.0 mg/mL 
rhPDGF-66 in allograft. Postopera- 
tive healing was uneventful and 
appeared to be enhanced. Nine 
months later, there was a gain of 4 
mm in clinical attachment, no addi- 
tional recession, a vPD of 2 mm, and 
an hPD of2 mm. The gingival tissues 
surrounding the defect were pink 
and firm. 

Histologically, the defect site 
appeared healthy, without the pres- 
ence of inflammatory cells. Peri- 
odontal regeneration was present, 
with new bone and adjacent new 
PDL and new cementum filling most 
of the original defect. The new ce- 
mentum was present continuously 
from one root surface to the other, 
including throughout the fornix of 
the furcation. 
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Fig 3a Nine-month biopsy from case 4 
shows complete periodontal regeneration 
within furcation. New bone (NB) formed in 
continuity with original bone, and new PDL 
is indistinguishable from original PDL apical 
to original defect. PDL fibers are perpen- 
dicular, traversing between new cementum 
(NC) and bone (NB) @o&dine blue-basic 
fuchsin stain; original magnification X 6.3). 

Case 4 

The final case in this series was a 34- 
year-old woman who presented with 
a vPD of 5 mm, hPD of 6 mm, and 
attachment loss of 7 mm on the lin- 
gual surface of a mandibular second 
molar. Fiap reflection revealed a 5- 
mm vertical, 5-mm horizontal, uncon- 
tained osseous defect. Following 
debridement and root preparation, 
the site was treated with 1 .O mg/mL 
rhPDGF-BB in atlograft. Healing was 
uneventful and rapid. Nine months 
after treatment, the vPD and hPD 
were 3 mm and 2 mm, respectively. 
There was’ 1 mm of recession. The 
gingiva was pink and firm, with no 
clinical signs of inflammation. 

Figs 3b and 3c Higher magnifications of boxes from Fig 3a show that tooth roots (7%) are 
continuously lined with new cementum (NC). There is no epithelium within the furcation. 
Robust angiogenesis is present as evidenced by numerous new blood vessels (BV) present 
within the new periodontal ligament (PDL) and bone (NB) (toluidine blue-basic fuchsin 
stain; original magnifications X 25 [Fig 3b] and 16 [Fig 3cj. 08 = original bone; arrow = 
base of calculus notch (Fig 36). 

Histologically, complete peri- 
odontal regeneration was ob- 
served, including new bone, ce- 
mentum, and PDL coronal to the 
root notches (Fig 3). New cemen- 
turn formation was continuous and 
progressed from just apical to the 
notches in both roots completely 
across the fornix, without disconti- 
nuity (Figs 3a and 3~). The adjacent 
PDL was well-organized and 
mature, with collagen fibers tra- 
versing primarily horizontally from 
the bone and inserting into the new 
cementum (Fig 3b). The bone was 
formed in such a manner that the 
normal PDL space was maintained, 
even in the fornix of the furcation 
(Fig 3~). There was no ankylosis or 

root resorption. The new PDL could 
not be distinguished from the orig- 
inal PDL present apical to the orig- 
inal osseous defect. 

There was also extensive new 
bone formation that was the same 
density as the preexisting alveolar 
bone. The bone was mostly lamel- 
jar, with small areas where the 
woven bone was still remodeling. 
Revascularization (angiogenesis) 
was present to the same degree as 
in the original alveolar bone and lig- 
ament. There was no long junctional 
epithelium, even though a barrier 
was not used. The new periodon- 
tium appeared completely regen- 
erated and healthy in all respects 
analyzed. 
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Discussion 

Effective treatment of advanced 

furcation defects continues to be 

one of the most challenging, and 

least predictable, areas of peri- 
odontal therapy. Current peri- 

odontal regenerative materials, 

including bone altograft, bone sub- 

stitutes, barrier membranes, root 

conditioning agents, enamel matrix 
derivatives, and various combina- 

tions thereof, have not been shown 

to lead to regeneration in human 
furcations 

Clinically successful therapy, as 
assessed by clinical measurements, 
has certainly been reported. Ex- 
panded polytetrafluproethylene (e- 
PTFE) barrier membrane-treated 
Class Ii furcation defects show a sig- 
nificant gain in clinical attachment 
and decreased probing depth com- 
pared to debrided controfs.8-11 An 
enhanced clinical effect is demon- 
strated using e-PTFE membranes in 
combination with root conditioning 
and composite osseous grafting 
(autogenous bone mixed with either 
DFDBA or TCP) in furcations.l* A 5- 
year follow-up of that study indi- 

cated that grafted sites retained clin- 
ical attachment, while nongrafted 

sites lost previously gained at- 

tachment.13 A subsequent study 

confirmed these findings, showing 

greater regeneration with the 

combined therapy of e-PTFE 

and DFDBA compared to e-PTFE 
alone.14 Resorbable barrier mem- 

branes alone and in combination 

with various graft materials have also 

been reported to improve clinical 

outcomes.15-23 

Although clinical studies may 

demonstrate significant improve- 

ment in clinical parameters, to estab- 

lish true periodontal regeneration, 

which is considered the ideal goal of 
regenerative therapy, there must be 

histologic evidence of new alveolar 

bone, PDL, and cementum forma- 

tion on the root surface coronal to 

the apical extent of calculus at the 

time of surgery. 24 Materials meeting 
these criteria when used for treat- 

ment of interproximal, intrabony 
defects include autogenous 
bone,2s-*7 DFDBA,28*29 DFDBA with 
osteogenin,30 certain barrier mem- 
branes (which demonstrated the for- 
mation of new cementum with 
inserting collagen fibers but limited 
amounts of new bone),31,32 citric acid 
root conditioning,33 bovine-derived 
xenograft,34,35 and enamel matrix 
derivative.36-36 However, these 
results are limited to interproximal 
intrabony defects, and no prior 
materials have demonstrated regen- 
eration in furcation-type defects. 

PDGF, among other growth fac- 
tors thought to be important to tis- 
sue repair, is released by activated 
platelets, among the first cells to 

reach an injured site. PDGF is a 25- 
to 30-KDa heat- and acid-stable 
dimeric protein. It is present in rela- 

tively high concentrations during 

early fracture repair, where it acts to 

stimulate osteoblast cell prolifera- 

tion (mitogenesis) and recruitment 

(chemotaxis). In addition, it stimu- 

lates osteoblast type I collagen syn- 

thesis, the predominant component 
of bone matrix. In addition to 

platelets, PDGF is made by endo- 

thelial cells, mesenchymal stem cells, 
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osteobtasts, chondrocytes, and 
osteoclasts present in the later 
stages of fracture repair. Recent data 
demonstrate that rhPDGF-BB causes 
osteoblasts to produce vascular 
endothelial growth factor (VEGF), 
one of the most potent mediators of 
new blood vessel formation, ie, 
angiogenesis. 39 In vivo, localized 
application of rhPDGF-BB to frac- 
tures in animals results in quicker 
healing of the fracture site.40 Sys- 
temic application of rhPDGF-BB in 
an osteoporotic animal model results 
in increased bone formation, tra- 
becular bone density, and strength in 
both long bones, eg, tibia and 
femur, and flat bones such as the 
vertebrae.41 

In the periodontal environment, 
PDGF stimulates proliferation and 
chemotaxis of PDl cells and has led 
to robust periodontal regeneration 
in numerous studies in dogs, non- 
human primates, and other mod- 
els.42-45 A plethora of cell culture 
studies have shown that PDGF is 
probably the most potent of the re- 
combinant growth factors for stimu- 
lating PDL cells, and that it enhances 
wound healing in vitro.44,4649 Like- 
wise, many animal studies have 
shown that rhPDGF-BB, alone and in 
combination with IGF-1 , enhances 
periodontal regeneration.45,46*50-52 
An earlier phase l/II human clinical 
trial also indicated that rhPDGF-BB 
and rhtGF-4, detivered in a methyl 
cellulose gel, improve bone fill in 
intrabony periodontal defects.53 

While rhPDGF-BB appears to 
hold great promise for improving 
wound healing and clinical out- 
comes in periodontics and other 

fields, results can likely be improved 
by combining this potent growth c---T 

factor with osteoconductive graft 
materials and bone substitutes. An 
osteoconductive bone void filler 
physically fills bone defects, provid- 
ing a matrix or scaffolding for bone 
formation. By filling the defect, it 
also prevents collapse of the soft 
tissues into the bone defect and, if 
appropriately porous, facilitates sta- 
bilization of the blood clot and 
ingrowth of new blood vessels. If 
the product is similar to natural bone 
in macroscopic structure and chem- 
ical and physical properties, it can 
integrate into the newly formed 
bone and improve its volume and 
strength. The addition of rhPDGF- 
BE3 to an osteoconductive graft 
material would be expected to 
improve the beneficial effect of 
these materials by accelerating ccl- 
Iular ingrowth and revascularization c ’ 
of the wound site. 

A combination of rhPDGF-BB 
and an osteoconductive graft has 
its basis in the principles of tissue 
engineering.s4 Tissue engineering 
is based on using the combination 
of growth factors and modulators, 
scaffolds, and cells to regenerate 
tissues and organs either in vivo or 
ex vivo. By combining signaling 
molecules such as PDGF with con- 
ductive scaffolds and cells, tissue 
regeneration may be possible to 
achieve in situations in which it was 
not previously possible. 

In the current study, purified 
rhPDGF-BB was combined with 
DFDBA to increase the level of 
growth factors in this matrix and 
thereby improve upon the stimula- 
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tory effect of DFDBA. This tissue 

engineering-based therapy was 

used in an attempt to achieve regen- 

eration in an anatomic site where it 

has not been previously reported, 
ie, human Class II furcation defects. 

The study demonstrated that: (I) at 

both the clinical and microscopic lev- 
els, there was a favorable tissue 

response to the rhPDGF-BB- 
enhanced aliograft; (2) new calcified 

tissue with inserting collagen fibers 

can occur over enamel projections 
within furcations; and (3) for the first 
time, complete periodontal regen- 
eration, documented histologically, 
was achieved in advanced Class II 
furcation defects. 
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Background: Purified recombinant human platelet-derived growth factor BB (rhPDGF-BB) is a potent wound 
healing growth factor and stimulator of the proliferation and recruitment of both periodontal l igament (PDL) 
and bone cells. The hypothesis tested in this study was that application of rhPDGF-BB incorporated in bone 
allograft would induce regeneration of a complete new attachment apparatus, including bone, periodontal lig- 
ament, and cementum in human inter-proximal intrabony defects and molar Class II furcation lesions. 

Methods: Nine adult patients (15 sites) with advanced periodontitis exhibiting at least one tooth requir- 
ing extraction due to an extensive interproximal intrabony and/or molar Class II furcation defect were entered 
into the study. Eleven defects were randomly selected to receive rhPDGF-BB. Following full-thickness flap 
reflection and initial debridement, the tooth roots were notched at the apical extent of the calculus, the 
osseous defects were thoroughly debrided, and the tooth root(s) were planed/prepared. The osseous defects 
were then filled with demineralized freeze-dried bone allograft (DFDBA) saturated with one of three concen- 
trations of rhPDGF-BB (0.5 mg/ml, 1 .O mg/ml, or 5.0 mg/ml). Concurrently, four interproxima1 defects were 
treated with a well accepted commercially available graft (anorganic bovine bone in collagen, ABB-C) and 
a bilayer collagen membrane. Radiographs, clinical probing depths, and attachment levels were obtained pre- 
operatively (at baseline) and 9 months later. At 9 months postoperatively, the study tooth and surrounding 
tissues were removed en bloc. Clinical and radiographic data were analyzed for change from baseline by defect 
type and PDGF concentration. The histologic specimens were analyzed for the presence of regeneration of 
a complete new attachment apparatus coronal to the reference notch. 

Results: The post-surgical wound rapidly healed and was characterized by firm , pink gingivae within 
7 to 10 days of surgery. There were no unfavorable tissue reactions or other safety concerns associated 
with the treatments throughout the course of the study. In rhPDGF/allograft sites, the vertical probing depth 
(vPD) reduction for inter-proximal defects was 6.42 rt 1.69 m m  (mean f SD) and clinical attachment level 
(CAL) gain was 6.17 z!z 1.94 m m  (both P<O.Ol). Radiographic fill was 2.14 f 0.85 m m . Sites filled with ABB- 
C had a PD reduction and CAL gain of 5.75 f 0.5 and 5.25 f 1.71, respectively. Fwrcation defects treated 
with rhPDGF/allograft exhibited a mean horizontal and vertical PD reduction of 3.40 + 0.55 m m  (P<O.OOl) 
and 4.00 & 1.58 m m  (P<O.O05), respectively. The CAL gain for furcation defects was 3.2 + 2.17 m m  (P 
<0.030). Histologic evaluation revealed regeneration of a complete periodontal attachment apparatus, includ- 
ing new cementum, PDL, and bone coronal to the root notch in four of the six inter-proximal defects and all 
evaluable (four of four) furcation defects treated with PDGF. Two of the four interproximal intrabony defects 
treated with ABB-C and membrane exhibited regeneration. 

Conclusions: Use of purified rhPDGF-BB mixed with bone allograft results in robust periodontal regen- 
eration in both Class II furcations and interproximal intrabony defects. This is the first report of periodontal 
regeneration demonstrated histologically in human Class 11 furcation defects. J Periodontal 2003;74:1282- 
1292. 
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Bone regeneration; clinicai trials; furcation/therapy; grafts, bone; growth factors, platelet-derived; 
periodontal regeneration; wound healing, 

* Institute for Advanced Dental Studies, Swampscott, MA. 
t Private practice, Belo Horironte, Brazil. 
f Harvard School of Dental Medicine; private practice, Boston, MA. 
5 University of Bern, Switzerland. 
// BioMimetic Pharmaceuticals, Inc., Franklin, TN. 

1282 



A major goal of periodontal therapy continues to 
be regeneration of the attachment structures of 
teeth, including new bone, periodontal ligament 

(PDL), and cementurn, which have been destroyed by 
periodontal diseases or trauma. Although a number of 
treatment modalities are currently available, clinicians 
continue to seek more predictable regenerative ther- 
apies that are less technique sensitive, lead to faster 
tissue regeneration, and are applicable to the broad 
array of periodontal and pen-implant defects encoun- 
tered daily by clinicians.’ 

Bone grafts and a limited number of bone substitutes 
are generally recognized to assist in the regeneration 
of lost bone in the orofacial region and, when used 
around teeth, may lead to long-term clinically satis- 
factory results and restoration of compIete new attach- 
ment apparatus.2-6 Autogenous bone grafts appear to 
provide the best results, 2 but the added operating time 
and increased pain and postoperative complications 
associated with their harvest, as well as the limited 
available volume of intraoral autogenous bone, reduce 
patient acceptance and the clinician’s desire to harvest 
autogenous bone for use in routine periodontal surgery. 

As a substitute for autogenous bone grafts, bone allo- 
grafts have been used in treating bone defects associ- 
ated with periodontal disease.lm8 Several reports in 
humans have shown decalcified freeze-dried bone allo- 
graft (DFDBA) to produce greater defect filI with new 
bone than debridement procedures alone.2*4*6 Histolog- 
ically, DFDBA has been shown to result in regeneration 
of the periodontium. 3~4 Likewise anorganic bovine bone 
(ABB) has been shown to induce peiodontal and peri- 
implant regeneration, especially when used in conjunc- 
tion with membranes and mixed with autograft.g-ll 

GROWTH FACTORS AND MORPHOGENS 
Bone, platelets, and a variety of other cells and tissues 
naturally contain potent bioactive proteins termed 
growth factors or morphogens.12913 Growth factors and 
morphogens have received a great deal of attention in 
the periodontal, craniomaxillofacial, and orthopedic 
fields as clinicians continue to seek an “off-the-shelf” 
materiaI that could replace the need for autografts and 
provide better, more predictable results than current 
osteoconductive but non-stimulatory bone substitutes. 
The two categories of molecules that have received the 
greatest attention are the growth factors, which are pri- 
marily mitogenic (cell proliferative) and chemotactic 
(cell recruitment) agents, and morphogens that act 
mostly by osteoinduction, i.e., causing the differentia- 
tion of stem cells into bone-forming cells. Within the 
growth factor class, the protein that has been the most 
thoroughly studied and is being developed clinically is 
platelet-derived growth factor (PDGF). PDGF, a 25 to 
30 kDa protein, is present in bone matrix, secreted by 
platelets during early fracture repair, and produced 

locally at fracture sites. 12-16 It is both chemotactic and 
mitogenic for osteoblasts and stimulates osteoblast 
type I collagen synthesis, which is the primary extra- 
cellular component of bone.14 Cell surface receptors for 
PDGF are increased during fracture healing, further 
suggesting the role of these proteins in normal frac- 
ture healing. I5316 PDGF is critically important in the 
embryologic development of the skeleton,“* and local- 
ized injection of PDGF into the medullary cavity accel- 
erates fracture healing in animaIs.17 PDGF has also 
been successfully used to treat osteoporosis in animal 
models, resulting in improved trabecular bone density 
and strength in both the flat bones and long bones 
throughout the skeIeton.18 

Platelet-derived growth factor (PDGF) has been the 
most thoroughly studied growth factor in periodontics. 
Since PDGF was first discovered by Lynch and co- 
workers to promote regeneration of bone, cementum, 
and periodontal ligament in the late 1980s,lg many 
investigators have conducted extensive studies result- 
ing in over 100 publications on its beneficial effects on 
wound healing, stimulation of periodontal ligament and 
alveolar bone cells, and regeneration of the periodon- 
tium in animaIs.20 However, there are no reports to 
date documenting the response to purified, synthetic 
(recombinant human or rh) PDGF therapy on a histo- 
logic level in human periodontal defects. 

The hypothesis tested in the current study was that 
application of rhPDGF-BB incorporated in bone allo- 
grafts would induce periodontal regeneration in humans. 
The effects of rhPDGF/alIograft were compared to a 
commercially avai1abIe product consisting of anorganic 
bovine bone in collagen, which has previously been 
reported to enhance periodontal regeneration. 

MATERlALS AND METHODS 
Patient Characteristics 
Nine adult patients 27 to 51 years of age (8 female, 
1 male; all non-smokers) were enrolled in this study. 
Each patient presented with radiographic evidence 
(Figs. 1 and 2B) of at least one advanced periodontal 
defect (interproximal and/or severe Class II furcation 
defect) measuring 5 nun verticaIIy and horizontally for 
furcation defects (Fig. 1A) and 7 mm vertically for inter- 
proximal defects (Fig. 2A). Teeth associated with the 
osseous defect sites had been assigned a hopeIess 
prognosis by two independent dentists or required exbac- 
tion for prosthetic or other reasons clearly specified in 
the dental treatment plan. Patients were systemically 
healthy and there were no contraindications to peri- 
odontal therapy. Informed consent was obtained follow- 
ing presentation and discussion of the study protocol. 

Presurgical Phase 
Initial periodontal therapy consisted of full-mouth scaI- 
ing and root planing utilizing both hand and ultrasonic 

1283 



rhPDGF-BB Modulated Periodontal Regeneption in Humans Volume 74 l Number 9 

Figure 1. 
A) Mraoperatie photograph with prdbe in place showing a 5 mm, primatily horizontal, firca/ bone defect on the lingual of tooth #I 9.0) Presurgkal 
rad@mphic appearonce ofhorizontal bone loss and a class I1 @cation lesion on #I 9. C) Hktologiic setion of tooth #I 9 obtained 9 months after 
tremnent with rhPDGF-50 mixed with utlogra@ The notch p/aced at the api& extent ofwkulus during the treatment surgery is evident Complete frr, 
of the original defect area with new bone (Ns) periodontal tigament and new cementum (NC) is present The new bone is equal in density to the 
or@nd alveolar bone. fhere is no epithelial dwngrowrh into the furwtion (long junctional eptielium) even though no membrane was used. (Original 
magnifrcouon x6.3.) D) Higher power view ofthe lower box in Figure I C showing rhe tooth root Q-R), newly regenerated bone (NB), new periodontal 
ligament (PDL), and new cementurn [NC).The PDL is well organized tith fibers coursing perpendic&rly and tangentially between the NC and NE. 
The new PDL is the same width OS the original PDL and contains abundant new blood vessels. (Original magnification x25.) E) Higher power view of 
rhe upper box in Figure I C showing the area of the farnix ofthe @cation. The new bone (NB) bus complerely f&d the original fur-cation defect There 
k also restoratjon of a weI/ organized new PDL throughout the furcation and ww cementum (NC) continuous/y fim one root (TR) to the other. 
(Otiiginal magnification ~25.) figures I C, I D, and I E reprinted with permission @n Quintessence Publishing Co., Inc. 

instruments under local anesthesia. Oral hygiene instruc- 2 weeks prior to or on the day of surgery, a baseline 
tions were given at each visit and were reinforced examination was performed. The baseline examination 
throughout the study period. Occlusal adjustments assessed probing depth measurements, attachment level 
were performed by selective grinding when required. measurements, full-mouth plaque,21 calcu1us,22 and 
Following completion of initial therapy no more than gingival indicesT3 as well as additional radiographic 
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films required beyond those obtained 
at the screening visit. 

Measurements 
All baseline clinical parameters were 
recorded no more than 14 days prior 
to or on the day of surgery. Measure- 
ments were made with a calibrated 
probe and recorded to the nearest 
millimeter at the mid-facial, mid- 
lingual, mesial, and distal line angles 
from the cemento-enamel junction 
(CEJ) to the free gingival margin 
(FGM) to evaluate recession. Addi- 
tional measurements included those 
obtained from the FGM to the base of 
the pocket to evaluate probing depth 
(PD) changes and CEJ to the base 
of the pocket to evaluate attach- 
ment level (CAL) changes. Hard tis- 
sue measurements were obtained 
during surgery as follows: vertically 
from the alveolar crest to the base of 
the osseous defect (vertical bone 
depth), horizontally from the adjacent 
root prominence to the base of the 

Figure 2. 
A) fntmopemth photo fbllowig fiII-thickn~ 
flap ref/ection and root debtidement 
Six-m17l&neter; one-wall inirabony de&ts 
are present on the metiaf and distal aspectr 
ofmtb #6. S) Preswgiiuf radiographic 
apjxamnce showing extensive bone loss. 
C) Post-surgical radiograph taken 9 months 
f&wing trea@nent of the site with hPDGF-5B 
in bone ollograft lhe notches pluced at the time 
ofsurgery at ihe apical extent ofthe ca!cuhs 
are evident (arrows)). Bone formation coronal to 
the notches is clearly vkibk. 0) Histologic 
section oft&b #6 taken 9 months fbllowing 
treatment with fW/XF-55 mixed with arrograft 
&wing regenetion ofa CNAA Note new 
bone (N5j wmrd to the /eve/ of tie original 
bone (05) and root not&s. The so/id line 
demarcates the origin0 bone jivm the new 
bone. A physiologic P DC is also ckaf$’ seen 
cmna~ to the not&es (ormws) and adjacent 
NB. (Ongina! magn&ation X2.5,, E) Higher 
power view ofthe box seen in 2D Regeneration 
oftbe attachment structures induding a thin 
layer of new cementurn (‘Ng with adjacent new 
PDL and new bone (N5) is seen New bhd 
ve.sse/@motion (Bv) isolso appfw7tlhenew 
bone is a dense construct of lamefar and woven 
bone and wears to be undergoing normal 
remodeling. The new PDL is well organized 
with bundies ofcol/agen fibers coursing 
perpendicularly from the new bone to the root 
surf&e. (Origina\ magnification X25.) 

1285 



rhPDGF-BB Modulated W iodontal Regeneration in Humans Volume 74 l Number 9 

osseous defect (horizontal bone depth for furcation 
defects), and fornix of the furcation to the base of the 
osseous defect (vertical bone depth for furcation 
defects). Only those defects with an intrabony compo- 
nent of at least 2 m m  vertically and 4 m m  horizontally 
for furcation defects, and 4 m m  vertically for inter- 
proximal defects were included in the study. 

Radiographic bone height was determined in the fol- 
lowing manner: total tooth length was determined by 
measuring from the root apex to the cusp tip. A  cor- 
rection factor was obtained by dividing the presurgicaf 
total tooth length value by the Q-month post-surgical 
total tooth length value. Radiographic bone height mea- 
surements were obtained for both time points by mea- 
suring from the root apex to the radiographic osseous 
crest at the defect site. The measurement obtained from 
the presurgical radiograph was recorded and the mea- 
surement obtained from the 9-month Post-surgical radi- 
ograph was multiplied by the correction factor and this 
value was then recorded. 

Surgical Procedures 
The proposed surgical area was anesthetized using local 
anesthetic. Following intracrevicular incisions, buccal 
and lingual full-thickness (mucoperiosteal) flaps were 
elevated extending at least one tooth mesial and distal 
to the treated tooth defect. Care was taken to preserve 
as much of the gingivae as possible. Vertical releasing 
incisions were performed to facilitate coronal dlsplace- 
ment of the flap. 

Following reflection of the mucoperiosteal flap, all 
granulation tissue associated with the osseous defect 
was removed. The root surface was then notched with 
a small round bur at the apical extent of the calculus 
and subgingival soft and hard deposits on the root sur- 
face were removed utilizing both hand and ultrasonic 
instrumentation to assure thorough degranulation and 
root planing, The surgical site was rinsed thoroughly 
with sterile saline in order to allow the investigator to 
evaluate the site for pathology or irregularities which 
would exclude the patient from the study. 

Final eligibility for inclusion in the study was deter- 
mined at this point by recording defect depth mea- 
surements utilizing a calibrated probe (vertical and 
horizontal intrabony measurements for furcation defects 
and vertical intrabony measurements for interproximal 
defects). The furcation defect was carefully examined 
to confirm that it was a Class II furcation defect. 

Upon completion of the scaling and root planing and 
obtaining all measurements, the root surfaces were 
conditioned with a tetracycline paste for 3 minutes. 
The paste was prepared by mixing the contents of 
one tetracycline HCI 250 mg capsule with a small 
amount of sterile saline or sterile water to a paste con- 
sistency. The paste was carefully applied to the tooth 
root surface and care was taken to avoid excessive 
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overflow of the paste onto adjacent bony sites. During 
this period, an amount of allograft, sufficient to fill the 
periodontal defect, was combined with one of the three 
concentrations of rhPDGF-BB solution (0.5, 1 .O, or 5.0 
mg/ml) for a minimum of 10 minutes. The exact vol- 
ume of solution adsorbed depended on the amount of 
allograft to be applied, which, in turn, was determined 
by the size of the periodontal defect. 

Following root conditioning, the wound was rinsed 
thoroughly with sterile saline. The root surfaces were 
then completely dried and the rhPDGF-BB solution 
was applied to the tooth root surfaces using the satu- 
rated allograft (similar to a sponge). Application of the 
rhPDGF-BB solution began at the coronal aspect of the 
exposed roots and proceeded apically as far as possi- 
ble into the furcation and/or the base of the defect. The 
allograft saturated with rhPDGF-BB solution was then 
packed into the osseous defect. Concurrently, four inter- 
proximal intrabony defects in the same patients received 
ABB-Cl alone* or in combination with bilayer collagen 
membrane.#* Care was taken to isolate the root sur- 
face and defect from saliva during the grafting proce- 
dures. The gingival flaps were secured with interdental 
sutures** to achieve complete coverage of the surgi- 
cal site. Periodontal dressing?? was applied. Patients 
received penicillin VK (1 g per day for 7 days) and were 
instructed to rinse with chlorhexidine digluconate twice 
daily for 8 weeks. Analgesics were prescribed for man- 
agement of postoperative discomfort and a record was 
kept of analgesics taken (prescribed and over the 
counter). In addition, the patient’s subjective evaluation 
of the relative discomfort of the operative site was 
recorded as well as any adverse events. Sutures were 
removed approximately 10 days following surgery when 
the flap had become stabilized by healing. 

Post-Surgical Phase 
Postoperative examination occurred at 1, 2, 4, 8, and 
12 weeks, and every 6 weeks thereafter until en bloc 
biopsies were obtained at 9 months. At each visit the 
condition of the soft tissues was examined, supragingi- 
val prophylaxis was carefully performed, oral hygiene 
instructions were reviewed, any abnormalities were 
noted, and the treatment tooth and the presence and 
extent of graft exposure (in millimeters) was recorded. 
At 3 and 6 months post-surgery, periodontal mainte- 
nance was performed, and at 6 months probing depth 
and vertical clinical attachment level measurements were 
obtained and bleeding upon gentle probing was noted. 

Immediately prior to biopsy, at 9 months post- 
surgery, the clinical assessments were again performed 
and a second periapical radiograph was obtained. This 

1 Bi-Oss collagen, Geistlich AG, Lucerne, Switzerland. 
# Bio-Gide, Cieistlich AG. 
** Gore-Tex suture CV-5, W.L. Gore G  Associates, Inc., Flagstaff, AZ. 
tt Coe Pak, GC America, Alsip, IL. 



] Periodontol l September 2003 Nevins, Camelo, Nevins, Schenk, Lynch 

radiograph was compared to the pretreatment radi- 
ograph for changes in bone height and density as well 
as any signs of abnormal healing such as ankylosis or 
root resorption. 

After completing these assessments the study 
tooth and a small amount of surrounding soft and hard 
tissue were removed en bloc as described previously.4 
Any remaining tooth structure was extracted and the 
site was reconstructed with autogenous bone grafts and 
an ePTFE or collagen augmentation membrane. Appro- 
priate post-surgical care was given to achieve proper 
healing after biopsy. No data collection occurred after 
biopsy. The reconstructed biopsy site was restored with 
dental implants and the appropriate prosthesis. The 
biopsies were immersed in a solution of 4% formalde- 
hyde, dehydrated in ethanol, and infiltrated and embed- 
ded in methylmethacrylate. Undecalcified sections 
of approximately 300 ~trn in thickness were obtained 
using a low speed diamond saw with coolant. The 
sections were glued onto opalescent acrylic glass, 
ground to a final thickness of approximately 80 pm, 
and stained with toludine blue and basic fuchsin. Step 
serial sections were obtained in a mesiodistal plane. 

Statistical Analysis 
Analyses were performed to compare changes in clin- 
ical parameters from their baseline values. Categorical 
measurements were displayed as counts and percents, 
and continuous variables were displayed as means, 
medians, standard deviations, and ranges. Compar- 
isons between changes from baseline were made using 
McNemar’s test for binary outcomes and paired t tests 
for continuous variables. To assess dose response, mod- 
els were fit using analysis of variance (ANOVA) tech- 
niques for continuous outcomes or multiple logistic 
regression for categorical outcomes. Since there were 
only one or two observations at each dose level for each 
type of defect, these analyses were more descriptive 
than inferential. In addition, if certain patients provided 
more than one defect for analysis, analyses were per- 
formed that account for this correlation within patient. 

RESULTS 
All 9 patients completed treatment and experienced no 
adverse reactions related to treatment. Post-surgical heal- 
ing was uneventful in the 15 sites involved in the study. 
Clinically, wound healing appeared enhanced in the 
PDGF/aIlograft sites with the gingivae appearing pink, 
firm, and completely closed 1 week post-operatively. 

Furcation Defects 
The clinical results in furcation defects are shown in 
Table 1. For this patient group, horizontal PD decreased 
from a mean of 6.2 f 0.84 mm to 2.8 f 0.84 (P<o.OOl). 
Vertical PD (vPD) decreased from a mean of 6.8 & 1.30 
mm to 2.8 f: 0.84 (P=O.O05). CAL decreased from a 

Table I. 

Clinical Evaluation: Furcation Defects 
Treated with rhPDGF-BB Mixed 
with DFDBA 

Baseline 
(N=5) 

g-Month 
(N=5) 

Change from Baseline 
tN=5) 

hPD (mm) 
Mean 
SD 
P value* 

vPD (mm) 
Mean 
SD 
P value* 

CAL (mm) 
Mean 
SD 
P value* 

FGM (mm) 
Mean 
SD 
P value* 

6.20 2.80 -3.40 
0.84 0.84 0.55 

<o.oo I 

6.80 2.80 -4.00 
I .30 0.84 I .58 

0.005 

7.80 4.60 -3.20 
0.84 1.67 2.17 

0.030 

I .oo I .80 0.80 
1.41 I .30 0.84 

0.099 

*Pvalues for change t&n baseline from paired t tests. 

mean of i’,8 +, 0.84 mm to 4.6 * 1.67 (P= 0,030). The 
increase in FGM from a mean of 1 .O f 1.4 1 mm to 1.8 
+ 1.30 was not statistically significant. 

Histolwic evaluation was performed for four of the five 
furcation defects as one specimen was not evaluable 
due to difficulties encountered during processing. All 
four remaining defects exhibited periodontal regenera- 
tion (complete new attachment apparatus, CNAAz new 
bone, cementum, and PDL) coronal to the reference 
notch placed in the base of calculus. Representative 
photomicrographs are shown in Figures lC, D, and E. 
New cementum formation was continuous and pro- 
gressed from just apical to the notch in one tooth root 
completely across the fornix without discontinuity. The 
adjacent PDL was well organized (Fig. 1D) and mature 
with collagen fibers transversing primarily horizontally 
from the bone and inserting into the new cementum. 
The bone was formed in such a manner that the normal 
PDL space was maintained. The maintenance of the PDL 
was true even in the fomix of the fur-cation. There was 
no ankylosis or root resorption. The new PDL could not 
be distinguished from the original PDL present apical to 
the original osseous defect. 

There was also extensive new bone formation that 
was the same density as the preexisting alveolar bone. 
The bone was mostly Iamellar, with small areas where 
the woven bone was still remodeling. Revascularization 
(angiogenesis) was present to the same degree as the 
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original alveolar bone and ligament. There was no long 
junctional epithelium, even though a barrier was not 
used. In summary, the new periodontium was regen- 
erated and physiologic in all respects analyzed. 

Interproximal Defects 
The clinical and radiographic results in interproximal 
defects are shown in Table 2. For this patient group, 
PD decreased from a mean of 9.67 f 1.63 mm to 3.25 + 
1.08 (P<O.OOl). Sites receiving ABB-C alone or in 
combination with a collagen membrane decreased 
from a mean PD of 8.5 f 1.29 mm to 2.75 + 1.26 mm. 
CAL increased from a mean of 11.08 f 1.69 mm to 
4.92 k 2.25 mm (P<O.OOl) in the PDGF sites com- 
pared to ABB-C sites that increased from a mean of 
10.5 rt 1.29 mm to 5.25 Ifr 0.96 mm. Bone height mea- 
sured radiographically increased from a mean of 7.38 f 
2.48 mm to 9.52 + 2.16 (P= 0.002) as measured 
from the root apex in the PDGF sites (Fig. 2B and C, 
Table 3). Bone height was not assessed radiographi- 
tally in the ABB-C sites due to the radiopaque nature 
of this material, There was no significant change in 
FGM in any group. 

Four interproximal defects treated with rhPDGF- 
BB/allograft exhibited regeneration coronal to the ref- 
erence notch, Representative photomicrographs are 
shown in Figures 2D and E and Figures 3A through F. 
Histologically, the PDGF/allograft sites were character- 

Table 2. 

Clinical and Radiographic Evaluation: 
Intrabony Defects Treated with 
rhPDGF-BB/DFDBA 

Baseline 9-Month Change from Baseline 
(N=6) (N=6) (N=6) 

vPD (mm) 
Mean 9.67 3.25 -6.42 
SD I .63 I .oa I .69 
P value* 4.ofl I 

CAL (mm) 
Mean 1 I .oa 4.92 -6. I 7 
SD 1.69 2.25 I .94 
P value* <o.oo I 

FGM (mm) 
Mean I .42 I .67 0>25 
SD 1.86 2.25 0.6 I 
P value* 0.363 

Bone height (mm) 
Mean 7.38 9.52 2.14 
SD 2.48 2. I 6 0.85 
P value* 0.002 

*P values for change from baseline from paired t tests. 
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Table. 3. 

Clinical and Radiographic Evaluation: 
Combined Data for all rhPDGF-BB-Treated 
Defects 

Baseline 9-Month Change from Baseline 

hPD (mm) 
N 
Mean 
SD 
P value* 

vPD (mm) 
N 
Mean 
SD 
Pvalue* 

CAL (mm) 
N 
Mean 
SD 
P value* 

FGM (mmj 
N 
Mean 
SD 
P value* 

Bone height (mm) 
N 
Mean 
SD 
P value* 

5 5 
6.20 2.80 
0.84 0.84 

II II 
8.36 3.05 
2.06 0.96 

II II 
9.59 4.77 
2.15 I .92 

II 
I.23 
1.60 

II 
I .73 
I .79 

6 6 
7.38 9.52 
2.48 2.16 

5 
-3.4o 

0.55 
co.00 I 

II 
-5.32 

2.00 
co.00 I 

II 
-4.82 

2.48 
co.00 I 

II 
0.50 
0.74 
0.049 

6 
2.14 
0.85 
0.002 

*Pvalues For change from baseline from paired t tests. 

ized by dense new supracrestal bone, a well organized, 
highly vascularized new PDL, and extensive new cemen- 
turn coronal to the reference notch. A long junctional 
epithelium was not present, even though no membrane 
was used. Two of the ABB-C sites exhibited regenera- 
tion coronal to the reference notch. While regeneration 
was present in these sites, the new bone was typically 
less dense and the PDL less organized than in the growth 
factor-treated sites. 

Combining all rhPDGF/Allograft Defects - Change 
from Baseline 
Table 3 summarizes the measurements at baseline and 
at the end of the study (9 months) for all growth fac- 
tor/allograft-treated defects in the study, and summa- 
rizes the results of the paired t tests. For this patient 
group, hPD (n = 5) decreased from a mean of 6.2 +_ 
0.84 mm to 2.8 3- 0.84 (P<O.OOl). vPD (n = 11) 
decreased from a mean of 8.36 rt 2.06 mm to 3.05 + 
0.96 (P<O.OOl). CAL (n = 11) decreased from a mean 



Figure 3. 
A) Histofogic section ofintrabony def&t taken 9 months f&wing treatment with rhPDG’-BB.The apical extent ofthe calculus at the time oftreatment 
is mar?& by the arrow at the base of the root notch (fewer feft corner). Note severaf mm ofdense new bone fiffing the original intiabony defict as well 
as supmcrestal bone appositionThe new bone (MB) is demarcated f?om the originai bone (OS) by the solid Jine.The junctional epithelium (jE) stops just 
coronal iv the new sybracrestaf bone (arrow near top). 7hus, even though no membmne was used, o long junctional epithefium (LJ) did not OCCUI: The 
absence ofan LJE most likefy is due to growth factor stimulation (m&genesis) and recruitment (chemotaxis) ofthe PDL and bone ceb thereby allowing 
them to “WI-I the race” with the epithefium. (Original magnification x4,) 8) Higher power view ofthe notch area in Figure 3A. Note tie regeneration of a 
CNAA demonstrated by the presence ofa thidc layer ofnew cementurn (NC), new periodontal figoment (PDL), and new bone (NB).?‘he new bone is 
dense and the PDL is well organized. (Original magnification x25.) C) Serial section showing complete fir, ofthe origina/ osseous defect continuity of new 
bone (‘NB) @motion with the original bone [OS), and periodontaf regeneration vertically (supra-cresta~ly) up the root surface.The Nt3 is dense, even 
ac@cent to the mot surf&e, whereas with most osteoconductive scaffolds the new bone is densest nearer the residual bone walls and sparse adjacent to 
the root The new PDL is restored in a physiologic architecture. New cementurn [NC) is present along the entire length of the root surface adjacent to the 
new PDL and bone. The root notch is apparent near the bottom ofthe figure (arrow). (Original magnification x6.3.) 

of 9.59 + 2.15 m m  to 4.77 rt 1.92 (P<O.OOl). Bone 
height (n = 6) measured radiographically increased 
from a mean of 7.38 f 2.48 m m  to 9.52 k 2.16 (P= 
0.002). Among all growth factor-treated sites there was 
an increase in the height of the FGM (n = 11) from a 
mean of 1.23 f 1.60 m m  to 1.73 4 1.79 (P= 0.049). 

For the outcome of bleeding on probing (BOP), there 
was no change for the furcation defects (all remained 
the same) and among the intrabony defects, three out 
of six improved while the remaining three stayed the 
same (there was no worsening). 

Eight of the 10 evaluable defects that received 
rhPwF-BB/DFDBA exhibited regeneration coronal to 
the reference notch histologically, while two of the four 
sites that received ABB-C demonstrated regeneration. 

Dose Response 
For the clinical and radiographic measurements, analy- 
ses were performed to explore whether there were 
differences in outcomes based on different concentra- 
tions of rhPDGF-BB. These analyses were only 
exploratory in nature since these were only one or two 

defects .per dose per defect type. General linear mod- 
els (analysis of variance) were fit using the change 
from baseline measurement as the outcome. Results 
of the among group comparisons showed no signifi- 
cant differences between groups (data not shown). All 
sites healed well and there were no adverse reactions 
even at the high dose of 5 mg/ml. 

DlSCUSSlON 
Biomimetics, or tissue engineering, is most effective 
when conductive matrices and the appropriate tissue 
growth factors are combined. The hypothesis tested in 
this study was that combining a thoroughly studied, 
FDA-approved growth factor, e.g., rhPDGF-BB, with a 
we11 known and widely used osteoconductive grafting 
material, i.e., DFDBA, would lead to favorable clinical 
and histological outcomes irr clinical practice. The ratio- 
nale was that rhPDGF-BB is a potent mitogen (stimu- 
lator of cell proliferation) and chemotactic (causes 
directed cell migration) protein for PDL fibroblasts and 
alveolar bone cells and improves angiogenesis (new 
blood vessel formation) while a bone allograft offers a 
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Figure 3 (continued). 
D) Higher power view of bottom box (notch area) seen in figure 3C.Arrow at bottom of photo marks the base ofthe notch.Re bone is undergoing 
a normal remodeling process from woven bone to the more mature Jameller bone.7R to& root 5V: blood vessels; 08: originaf bone; N5: new bone: 
NC new cementum; PD.k new periodontal ligament (Orfgir@ magnification x25.) E) Higher power view ofthe middle box seen in Figure 3C. 
Regenemtion of the attachment structures, including bone, perbdontol ligament ond cementum, is present The PDL and bone are both well organized 
and dense. No inflammation, root resorption, or an!+osis was seen in any ofthe specimens. Tk tooth root NB: RW bone; NC: new cementurn; PDL new 
periodontal @ament (Original magnification xl 6.) f) Higher power view of the top box in figure 3C. Collagen fibers hove physiologic orientation 
perpendicular and inserfiig into the mot surface. Dense new bone is observed all the woy to the crest The new cementum ends adjacent to the crest of 
the NB.The junctional epithelium ends (jE WOW) coronal to the new cementum and NB.Jk apicul extent ofjunctional epithelium; CT: gingivaf connective 
tissue; NB: new bone. (Or&M mogn$cation x2.57 

biological matrix conducive to cell growth and may 
contribute osteoinductive bone matrix proteins. 

The highest standards of clinical evidence for a peri- 
odontal regenerative material are controlled multicen- 
ter Prospective, randomized masked clinical trials, 
suppIemented with a small number of human biopsies 
to demonstrate the type of healing that occurs using 
a particular product. The present study satisfies the lat- 
ter requirement, which histologically demonstrates peri- 
odontal regeneration (CNAA) above a reference notch 
in the base of the calculus in humans. Regeneration 
was present in four of six severe interproximal intra- 
bony cases and all four furcation cases treated with the 
rhPDGF/aIIograft mixture. AI1 four cases (two inter- 
proximal and two furcation) treated with 1 .O mg/ml 
rhPDGF-BB exhibited remarkable regeneration. 

This is the first study to demonstrate periodontal 
regeneration, including bone, PDL, and cementum 
documented in human histological specimens of 
severe class II furcation defects. 

The basis for this study was derived from the results 
of many years of research that clearly document the 
osteobiologic action of PDGF. PDGF has been shown 
by numerous investigators to stimulate both the prolif- 
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eration and recruitment of alveolar bone and PDL 
cells.12*13~20 In animaIs, it has been shown that, when 
PDGF was used with guided tissue regeneration (GTR) 
in dogs, 100% regeneration was observed within 8 weeks 
as compared to only 19.2% regeneration using GTR 
aIone.24 Further, an initial human clinical trial demon- 
strated that application of 0.15 mg/ml of rhPDGF-BB 
and recombinant human insulin-like growth factor 1 
(rhIGF-I) resulted in a significant improvement in bone 
fill compared to conventional surgery plus a pIacebo.25 
This initial human clinical trial utilized a methylcellulose 
gel carrier for the rhPDGF-BB/rhIGF-I combination. While 
the results were promising, this therapy provided no 
osteoconductive scaffold to facilitate bone migration, 
stabilize the clot, and prevent the collapse of the soft 
tissue. 

A clinically attractive feature of PDGF is that long- 
term administration is not required. In fact, the idea1 
administration of rhPDGF-BB appears to be either a 
short burst (much as occurs naturally during blood 
clot formation), or a series of pulsed applications. In 
in vitro experiments in which cells are continuously 
exposed to PDGF for long periods of time, osteoblast 
differentiation is inhibited and proliferation is enhanced, 



leading to an abundant number of cells, but little min- 
eralized matrix;26 in contrast, in in vivo experiments, 
cells are exposed to PDGF for a short period of time 
due to the rapid clearance (1 to 4 hours) of exogenous 
rhPDGF-BB,27 so that differentiation is inhibited only 
transiently and an increase in the number of functional 
osteoblasts (and PDL cells around teeth) is the pre- 
dominant result. The resultant increase in osteoblasts 
and PDL cells, and their migration into the defect as 
a result of PDGF’s chemotactic properties, leads to 
improved bone fill and periodontal regeneration. 

Allografts are also thoroughly studied and have a 
long history of clinical use. Bowers and co-workers 
showed the first large scale human histologic evidence 
of regeneration using DFDBA. Others have modified 
DFDBA by adding substances to aid in holding the 
allograft particles in place. For example, in a study by 
Francis et a1.28 paired osseous defects ranging in depth 
from 3 to 12 mm, received either Grafton*+ (uses giyc- 
erin as the binding agent) or DFDBA alone. Results of 
both the radiographic analysis and clinical measure- 
ments showed that Grafton and DFDBA performed 
similarly demonstrating a mean defect fill of 69% and 
77%, respectively, and reducing probing depths by 4.0 
and 4.6 mm, respectively. Both graft types resulted in 
attachment level gains of 4 mm. 

In the present study, both furcations and interproxi- 
ma1 angular defects were treated. ln all treated defects 
there was a significant improvement in hPD, vPD, and 
CAL as well as bone fill as judged radiographically. 
Changes from the baseline measurements in vPD and 
CAL for the interproximal intrabony defects may be 
compared to those observed in a meta-analysis reported 
by Laurel1 et al. 29 by using paired t tests. For the first 
analysis comparing the results of the current study to the 
results of the meta-analysis on intrabony defects treated 
with open flap debridement (OFD) alone, Laurel1 
reported a probing depth reduction from 7.0 mm to 
4.0 mm and a CAL gain of 1.5 mm. There was signlf- 
icantly greater reduction in PD (P= 0.002) and CAL 
gain (P= 0.002) in the present study compared to the 
changes reported by Laurel1 et al. 

In a second analysis comparing the results of the 
current study to the results of the meta-analysis on 
intrabony defects treated with OFD plus bone grafts, 
Laurel1 et al. reported probing depth reduction from 
6.9 mm to 4.4 mm and a CAL gain of 2.1 mm. There 
was significantly greater reduction in PD (P = 0.002) 
and CAL gain (P= 0.004) in the current study com- 
pared to the changes reported by Laurel1 et al. While 
one has to be careful not to overinterpret these com- 
parisons, they do nonetheless provide encouraging evi- 
dence of the clinical benefits that may be achieved using 
a growth factor/allograft tissue engineered product. 

In conclusion, this study proved the hypothesis 
that filling of periodontal defects with a mixture of 

rhPDGF-BB and DFDBA is safe and most frequently 
(eight of 10 cases) induces a robust regenerative 
response in severe human interproximal intrabony and 
Class Ii furcation defects. This finding occurred in the 
absence of the use of GTR membranes. This is the first 
time that regeneration of a CNAA has been documented 
histologically in human Class II furcation defects. 
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Persson CR. Falk H, Laurel1 L: A retrospective radiographic outcome assessment 
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Backgroumt: bum-bony defects remain a significant therapeutic probIem in peri- 
odontal therapy. Various non-surgical and surgical treatment modalities are being 
used. The long-term stability following treatment of intra-bony defects is poorly 
documented. 
Objectives: To assess changes in intra-bony defects after either osseous surgery or 
open flap debridement in combination with grafting procedures with demineralized 
freeze-dried bone allografts (DFDBA). 
Method: Pre- and post-surgical computer digitized images of intra-oral radio- 
graphs from 60 patients who had received periodontal surgery to manage intra- 
bony defects were analyzed by linear measurements. 
Results: 36 patients were treated with osseous surgery and 24 had received flap 
procedures and grafting with DFDBA. Post-surgical radiographs were obtained 
on average after 4.8 years @D-+-2.8) and after 9.6 years (SDk3.6). A minor mean 
bone fill of 0.0 m m  (SDt0.8) for osseous surgery sites and 0.5 m m  (SDz0.9) for 
DFDBA sites, was noticed, but this gain was within the margin of measurement 
errors. Osseous surgery and modified Widman flap procedures with DFDBA m- 
suited in crestal resorption, on average 1.7 m m  (SDrtl.1) and 1.5 m m  (SDZl.5) 
and remaining mean defect depth of 2.0 m m  (SDTl.4) and 2.5 m m  (SD” 1.4), 
respectively. 
Conclusions: Bone changes following bone graft procedures with DFDBA did 
not differ from those foliowing osseous surgery, and neither procedure resulted in Key words: osseous surgery, open flap 

defect resoIution with bone fiH. It was aIso concluded that over the study period, debridement; vertical defects; radiographs; 

stable treatment results were obtained as a result of both osseous surgery and 
OFOBA 

modified Widman flap procedures with adjunct DFDBA. Accepted for publication 13 April 1999 

Both non-surgical and surgical treat- 
ment modalities have been used to man- 
age periodontat disease (for review, see 
Palcanis (1996)). A large number of 
studies have demonstrated that when 
data are averaged, there are only minor 
differences in treatment outcomes 
(Lindhe et al. 1982, Meador et al. 1985. 

Ramfjord et al. 1987, Becker et al. 1988, 
&ldahi et al. 1988, Kalkwarf et al. 
1989). Although ali periodontal therap- 
ies require good oral hygiene to succeed 
(&sling et ai. 1976, Axelsson & Lindhe 
195 1, Cortellini et al. 1994), it is gener- 
ally believed that if the treatment results 
in shallow pockets, it would be easier to 

maintain the results and prevent disease 
recurrence or progression. 

Osseous surgery (Schluger 1949, 
Friedman 1955) was introduced as a 
means to assure pocket reduction and 
reestablishment of a bone topography 
that would facilitate oral hygiene. 
Guided tissue regeneration procedures 
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and bone grafting procedures have been 
suggested as alternatives to osseous 
surgery in the management of local in-. 
tra-bony defects. Several studies have 
been published in which demineralized 
freeze-dried bone allografts (DFDBA) 
have been used (Quintero et al. 1982, 
Mellonig et al. 1984, Masters et al. 
1996). 

The long-term stability following 
bone graft treatment of intra-bony de- 
fects is, however, poorly documented. 
The principle of guided tissue regenera- 
tion (GTR) has been successfully used 
to manage intra-bony defects (for re- 
view, see Lame11 et al. (1998)). Espe: 
cially deep defects appear to be suitable 
for GTR treatments. Only a few studies 
have monitored the outcome of GTR- 
treated sites beyond one or a few years 
(Cortellini et al. 1994, 1996, Christgau 
et al. 1996, Weigel et al. 1995, Eickhoiz 
et al. 1998). It is therefore not well 
documented whether this treatment 
modality is eFfective on a longer time 
perspective. 

The objective of the present study 
was to assess radiographically on a lo- 
cal site basis the long-term outcomes of 
surgical treatment of intra-bony defects 
treated with either osseous surgery or 
by open flap debridement surgical pro- 
cedures using (DFDBA). 

Material and Methods 

All available pre- and post-surgical in- 
tra-oral radiographs and records from 
patients who had received surgical peri- 
odontal treatment of vertical bone de- 
fects in the Graduate Periodontics 
Clinic at the University of Washington 
after 1970 were reviewed. A total num- 
ber of 60 patient records was available 
from 60 patients who had consistently 
been enrolied in a supportive care pro- 
gram following surgical treatment of in- 
tra-bony defects. Intra-oral radiographs 
depicting the treated vertical defects 
were available over time. The radio- 
graphs had been standardized by the 
use of paralleling technique with a plas- 
tic film holder (CXP, Rinn Corp. Elgin 
II). In 36 patients, intra-bony defects 
had been treated with osseous surgery. 
In 24 patients, the defects were treated 
with bone graft procedures using de- 
mineralized freeze-dried bone allografts 
(DFDBA). Graduate students who par- 
ticipated in the post-doctoral training 
program in Periodontics at the Univer- 
sity of Washington, Seattle had per- 
formed all the surgical procedures 

under close supervision by faculty 
members who themselves had received 
their graduate training at the University 
of Washington, Seattle. In order to un- 
dergo surgical periodontal therapy, pa- 
tients must have met the clinicai re- 
quirements of good oral hygiene with a 
pre-surgical plaque score <150/u sur- 
faces with visible plaque. A review of 
the surgical notes was made to assure 
that ostectomy or significant osteo- 
plasty procedures had been performed, 
consistent with the principles of osseous 
surgery (Schluger 1949), and that the 
vertical defects induded a composite of 
I-, 2-, and 3-wall defects. In the case of 
osseous surgery soft tissue surgical flaps 
were apicaily positioned and sutured 
with continues sling silk sutures that 
were removed after 1 week. The pri- 
mary objectives of the osseous surgery 
procedures were to eliminate any verti- 
cal defect to allow maximum pocket re- 
duction. The modified Widman ffap 
procedures with bone grafting using 
DFDBA were performed primarily at 
sites with combined 2- and 3-wall verti- 
cal bone lesions and with no osteo- 
plasty procedures performed. In the 
case of open-IIap debridement, the soft 
tissue surgical Raps were repositioned 
and also sutured with continues sling 
silk sutures that were removed after 1 
week. 

After the immediate post-surgical 
follow-up period, the patients were re- 
called for supportive care as needed on 
an individual basis. The supportive care 
included oral hygiene instructions; su- 
pra- and sub-gingival debridement was 
performed by dental hygienists. The pa- 
tients were re-examined by graduate 
students and by supervising experi- 
enced periodontists/faculty members. 
Full-mouth intra-oral radiographs were 
obtained at basehne and at approxi- 
mately 5 and 10 years after surgery. 

Radiographic evaluation 

For the analysis of the radiographs, lin- 
ear measurements were made on com- 
puterdigitized images of the radio- 
graphs using the digital X-ray pro- 
cessing and analysis method by Jeffcoat 
et al. (1984). BrieIIy, the digitizedlcom- 
puter asssembly consisted of a video 
camera (modeI:JE2362A, Javelin Elec- 
tronics, Japan), and projection table 
with a stand to which the video camera 
was fixed. The intra-oral radiographs 
were placed on a illuminated view-box. 
The output signals from the video im- 

ages were grabbed and sent to a com- 
puter (Gateway 4DX2-66E, North Si- 
oux City SD, USA) which was equipped 
with a subtraction radiography pro- 
gram (Periopro v 3.1 by Jeffcoat, Bir- 
mingham Alabama, USA). The signals 
were processed and made visible on a 
television screen (Trinitron PVM 
1344Q, Sony 3apan). The digitizer sty- 
lus was positioned at the selected refer- 
ences points on the television screen 
(i.e., CEJ: and BC), and the cartesian 
coordinates were automatically sent to 
the computer and processed. The result- 
ing distances were expressed as pixels, 
and in mm, based on calibration of the 
setup using a wnversion factor of 22.4. 
The analysis was performed at the Re- 
gional ClinicaD Dental Research Im- 
aging Laboratory at the School of Den- 
tistry. The following linear measure- 
ments were performed: the distance 
from CEJ (cemento-enamel junction) or 
a reference point (margin of dentaf res- 
toration) to the apex of the root (RL); 
the distance from CEJ to bone crest 
(BC); the distance from CEJ to the bot- 
tom of the bone lesion (ABL); the dis- 
tance from BC to bottom of defect, i.e., 
the radiographic depth of the defect 
(IBD). 

Measurements were expressed in pix- 
els, in m m  and as the %  of the root 
length. The assessment of bone fill was 
cakulated by subtracting ABL values 
obtained at the follow-up radiographs 
from the baseline vatues. Defect resol- 
ution was obtained by comparing the 
pre- and post-surgical IBD values. The 
distance between CEJ and BC was 
measured to assess the amount of 
crestal resorption. 

The average of 2 measurements was 
used for data analysis. The same caii- 
brated examiner (HF) (Falk et al. 1997) 
examined all the radiographs. The dis- 
tortion betweensets of radiographs was 
compensated for by calculation of the 
ratios of root length from baseline and 
follow-up radiographs. This ratio was 
use to correct post-treatment linear 
measurements of bone changes (Tonetti 
et al. 1993, Falk et al. 1997). 

Statistical anaiysis 
Descriptive data were presented as 
mean values and standard deviation. 
Both paired I-test and ANOVA were 
used to study differences over time. 
Statistical significance was declared if 
thep;value was ~0.05. The SuperANO- 
VA computer statistical package was 
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Table I. Bone-level measurements (mm) (means and standard dgiations) from computer-digitized radiographic images before surgery and at 
the 1st folfow-up measurement. (all measurements expressed in mm) 

ABL Bone IBD Defect 

Treatment baseline follow-up fitr baseline follow-up resolution 

OS (n=36) 6.3k1.3 NS 6.3-t 1.5 0.0~0.8 3.7%0.8+** 2.0% 1.4 1.7T1.1 
DFDBA * KS. t 1 
(n=24) 7.422.3 * 6.9~t2.3 Q.SltO.9 4.5-t 1.9*** 2.5tf.6 1.921.6 

ABL=CEJ to bottom of defect; IBD=Crest to bottom of defat; n.s.=not sipnilicant; * 10.05; *** p<O.OOl 

Crestal 
resorption 

1.721.1 
+** 

1.521.5 

T&de 2. Bone-level measures [mm) (means and standard deviations) al the 1st and 2nd post-treatment evaluations (mean: 4.8 and 9.6 years) 
for 39 sites treated either by osseous surgery (x=22) or grafting procedure (n=17) 

ABL osseous ABL grafted IBD Osseous IBD Graft Crest level osseous Crest level grafted 
is1 evduation 6.7Z1.4 ns 6.52I.5 22~1.5 ns 2.5~1.6 4.5Zl.I ns 4.122.2 
2nd evaluation 6.721.4 ns 7.0tt.i 2.1T1.5 ns 2.7~1.4 4.61’3.2 ns 4.32 1.9 
D ns rls ns ns IlS ns 
ABL=CEJ to bottom of defect; IBD=crest to bottom of defect; ns=not significant, 

used for data analysis (Abacus Con- come between osseous surgery and sur- 
cepts Inc., Berkely CA, USA). geries including grafting with DFDBA. 

Results 

The average time intervals between 
baseline and the first fallow-up was 4.8 
years (SD+2.8) and included 60 pa- 
tients. A 2nd set of follow-up cadio- 
graphs was available for 39 of the pa- 
tients, on average, 9.7 years (SD43.6) 
after the initial procedures. 

The correlation coefficient between 
repeated measurements as assessed by 
simple regression analysis was 0.95 and 
consistent with results published pre- 
viously (Falk et al. 1997). Inter-examiner 
errors expressed as the SD of difference 
between measurements amounted to 0.5 
mm for ABL and to 0.7 mm for ILfD 
measurements. The corresponding in- 
tra-examiner errors were0.4 for the ABL 
readings and 0.5 mm for the IBD read- 
ings- The mean difference in root bngth 
behveen sets of nieasurements was 0.3 
mm (SD% 1. I ). The ratio between differ- 
ent sets of radiographs averaged 1.0 
(SD’O. 1). 

The results at the first post-operative 
assessment are presented in Tabie 1. In 
the osseous surgery group, a small 
amount of bone fill was found aver- 
aging 0.2 mm (SDk0.9). The extent of 
bone gain was not statistically signifi- 
cant (p>O.O5). In the bone graft group, 
a small and significant bone fill was ob- 
tained averaging 0.5 mm, SDt-0.9, 
p<O.O5). However, the extent of bone 
fill was within the range of measure- 
ment errors (SD=O.S mm for duplicate 
measurements). Thus, there were no 
clinically significant differences in out- 

A significant defect resolution had 
‘occurred and independent of the type 
of surgical procedure. As there was no 
significant bone fill, the defect resol- 
ution was attributed to resorption or 
ehmination of the intra-proximal bone 
crest. On average, this crestal resorption 
amounted to 1.8 mm (SIXz1.3) for the 
entire study population. A mean re- 
sidual vertical defect depth of 2.0 mm 
(SDtl.4) and 2.5 mm (SDk1.6) was 
found foIlowing osseous surgery and 
the open flap and DFDBA graft pro- 
cedure, respectively. The difference in 
residual defect between treatment mod- 
alities WCS statistically significant 
@<O.OS). However, the difference was 
within the margin of measurement 
errors and therefore not relevant. 

The IO-year follow-up data indicated 
that no additional changes in ABL, 
IBD, or crestal resorption had occurred 
(Table 2). Thus, the initial results re- 
mained stable throughout the obser- 
vation period and independent of pro- 
cedure used. 

Discussion 

Intra-oral radiographs as used in the 
present study most likely underestimate 
the extent and depth of intra-bony de- 
fects (Tonetti et al. 1993, Falk et al. 
1997, Eickhoiz et al 1998 a, b). Yet, 
many studies have employed radio- 
graphic methods to assess the outcome 
of periodontal surgery (Gosling et al. 
1976, Polson & Heijl 1978, Tonetti et al. 
1993, Christgau et al. 1996. Falk et al. 
1997, Eickholz et al 1998 a)- In the pres- 

ent study, measurement errors may exist 
due to radiographs that were not stan- 
dardized by the use of stents but only 
standardized by using Rinn holders. 
Errors introduced by geometric distor- 
tion, and through observer variability 
must be recognized when changes in 
bone values over time are compared. 
However, any erratic effect introduced 
by the lack of strict standardization 
should not distinguish between one pro- 
cedure or time-point over another pro- 
cedure or time-point. The study was 
also limited by the retrospective ap- 
proach in that the time between pre-sur- 
g&I and post-surgical radiographs 
varied between subjects, none being 
shorter than 3.8 years. However, it can 
well be assumed that any effect accom- 
plished by the surgica1 procedures in 
terms of additional bone Ioss or bone 
fill wouM have occurred within the 1st 
2 years after treatment (Bragger et al. 
1992). The follow-up time should there- 
fore be sufficient to allow that the meas- 
urement of the surgical procedures per- 
formed had been shown to be successful 
in preventing further loss of bone. 

The prevaIence of vertical defects in- 
cluding ail vertical defects in an adult 
population may be as high as 6 l%, and 
with 30% of subjects having local verti- 
cal defects a3.0 mm (Persson et al. 
1998, Soilckonen et al. 1998). Thus, 
there is an obvious need for a treatment 
that predictably allows successful man- 
agement of periodontal inter-proximal 
bone lesions. 

Surgical treatment alternatives for 
inter-proximaf periodontal bone lesions 
include various types of open flap de- 
bridement, including the modified Wid- 
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man flap procedure in which no 
attempt is made to remove bone. 
Rather, the defects are debrided and 
flaps are repositioned. Osseous surgery 
was introduced as a means to assure 
pocket reduction and re-establishment 
of a bone topography that would en- 
hance the method of oral hygiene 
(Schluger 1949, Friedman 1955). In the 
present study, the most apical portion 
of the bone defects appeared to remain 
stable. Thus, no further loss or gain of 
bone was obtained. However, approxi- 
matety 2 mm of crestal bone was lost as 
a result of either the osteoplasty pro- 
cedure, the surgical trauma per se, or 
an ongoing disease process. Because 
measurements of the crestal bone levels 
from radiographs are fairly reliable, the 
mean loss of 1.8 mm must be con- 
sidered confirmed. The investigators re- 
viewed the surgical records to assess the 
extent of ostectomy. The records indi- 
cated that the extent of ostectomy was 
defined by anatomical consideration. 
Thus, complete elimination of vertical 
defects were at times not performed in 
order not to compromise remaining 
tooth support for the tooth involved or 
a neighboring tooth. This may to some 
extent explain why residual crater de- 
fects remained after treatment. 

Crestal resorption is a common ef- 
fect of osseous re-contouring (Mogh- 
addas & Stahl 1980), but may also oc- 
cur after modified Widman flap pro- 
cedure (Polson & I-feijl 1978, Bragger 
et al. 1997). Froum et al. (1982) re- 
ported that following open debride- 
ment procedures, crestal resorption av- 
eraged 0.8 mm and with an average 
bone fill of 1.2 mm. The absence of 
measurable changes in the apical por- 
tion as noticed in the present study 
suggests successful arrest of disease. A 
residual defect depth of approximately 
2 mm following the osseous surgery 
procedure, also implies that complete 
defect elimination was not achieved. 
However, a remaining intro-bony de- 
fect of 2 mm indicates a potential re- 
sidual probing depth of 4-5 mm (as- 
suming a normal gingival contour), 
which would be manageable by nor- 
mal oraf hygiene measures. 

An alternative treatment to achieve 
pocket reduction is guided tissue re- 
generation therapy. A recent Iiterature 
review (Laurel1 et al. I988) showed sig- 
nificant pocket reduction following 
GTK, mainly due to bone fill in con- 
trast to the present study that faiIed to 
show bone fill. The amount of bone fill. 

however, varies between subjects in each 
study as well as between studies. Only a 
few studies have monitored the out- 
come of GTR treated sites beyond ode 
or a few years (Corteilini et al. 1994, 
19996, Weigel et al. 1995, Christgau et 
al. 1996, Eickholz et al. 1998 a,b). It is 
obvious from a very hrge number of 
studies that appropriate oral hygiene is 
a pre-requisite for a successful and 
stable outcome of periodontal therapy. 
In the present study, the pre-surgical re- 
quirement of a plaque score of less than 
15% suggest that patients studied were 
complient. The fact that they regularly 
had attended the supportive care pro- 
gram over a IO-year period further sug- 
gests that these patients maintained a 
level of oral hygiene that couid be con- 
sistent with pre-surgical requirements. 
However, it should be pointed out that 
adjunct use of chlorhexidine mouth- 
rinse was never avaiiable to the patients. 

In summary, the results of the pres- 
ent study suggest that the use of 
DFDBA in conjunction with surgical 
treatment of intra-bony defects, did 
not enhance the outcome in terms of 
radiographically detectable bone fill as 
compared with osseous surgery. Both 
treatments resulted in some ioss of 
crestal bone height but no further loss 
at the base of the vertical defect. Fur- 
thermore, long-term stable conditions 
with no further detectable bone loss 
were obtained. 

Zusarnmenfassung 

Eine retrospektive rfintgenologische Ergcbnis- 
studie van intraaVveol&ren KnochendeJelcten, 
die ntit Methoden der Knochenchirurgfe oder 
der Knochentransplantatiort~ belwtdef wurden 
Das Ziel der vorliegenden Studie war die I%- 
fassung der Verilnderung von intraalveol&ren 
Derekten entweder nach Knochenchirurgie 
oder Lappenoperation mit offenem Debride 
ment in Kombination mit TratispJantatme 
thoden mit dekaIzi%iertem gefriergetrockne- 
tern Knochen (DEDBA). pr& und post ope- 
rationem wurden computerdigitalisierte 
Bilder der intraloralen Rfmtgenbilder von 60 
Patienten, die parodontale Chirurgie zur Be- 
handhmg der intraalveoiHren Defekte erhal- 
ten hatten, mit l inemen Messungen analy- 
siert. 36 Patienten wurden mit Knochenchi- 
rurgie behandeit, und 24 batten eine 
Lappenoperation und KnochentranspJzanta- 
tion rnit DFDBA erhaiten. Postoperat{ve 
RBntgenbilder wurden im Durchschnitt 4.8 
Jahre (SDt2.8) und 9.6 Jahre (SD3rt3.6) ge- 
nommen. Eine deringe mitibre Knochenftil- 
Jung von 0.0 mm (SD?0.8) ftir Knochenchi- 
rurgie und 0.5 mm (SDZO.3) fitr die 
DFDBA-FIlchen wurde bemerkt, aber dieser 
Gewinn war innerhalb der Grenien des M&- 

fehlers. Knochenchirurgie und offene Lap- 
penmethoden mit DFDBA erbringen eine 
krestale Resorption, im Durchschnitt 1.7 mm 
(SD2J.i) und i.S mm (SDT1.S) und eine 
vcrbleibende mittlere Defekttiefe von 2.0 mm 
(SD? i-4) und 2.5 mm (SD t f -6). Es wird ge- 
folgert, da6 sich die Knochenvetinderungen 
infolge der Transplantation mil DFDBA 
nichl unlerschieden von denen infolge der 
Knochenchirurgie und dat3 keine der Metho- 
den in einer Defektaufliisung mit Knochen- 
auffiliung resultiert. Es wurde such ge- 
schJuBfolgert, dal3 iiber die Studienperiode 
stabile Behandhmgsergebnisse erhalten wur- 
den als ein Ergebnis sowohl der Knochenchi- 
rurgie aJs such der offenen Lappenmethode 
mit zusitzlichem DFDBA. 

i&de radiograph&e r&rospective &aluant 
les r&dtats obtenus dnns ie traitcmcni de d& 
fuuis infra-osseux par chirtwgie osseuse ou par 

Le but de la orksente Ctude &tait dOvaluer Jes 
changements obtenus dans des d6faut.s infra- 
osseux apr&s traitement par chirurgie osseuse 
ou par dbbridentent ?z Iambeau ouvert corn- 
bin& B J’emploi d’allogreffes d’os dbminirali- 
se IyophiJid (DFDBA). Une anafyse par me- 
sures liniaires a 6tB pratiquCe sur des images 
num&is&s faites par ordinateur B partir de 
radiograph&s pr&op&atoires et post-opera- 
toires prises chez 60 patients trait& par chi- 
rurgie parodontale pour des dtfauts infrza-os- 
seux. Cha 36 des patients Je traitement 6tait 
fait par chirurgie osseuse et chez 24 des pa- 
tients par intervention B lambeau et greffe 
avec DFDBA. Lks radiographies post-op&a- 
toires Llaient prises en moyenne apr& 4.8 
ans @cart-Type: r2.S) et aprb 9.6 ans 
(&T’z+-3.6). 0 n a observb un combfement os- 
seux mayen minime, 0.0 m m  (tiTzZO.8) pour 
les sites trait& par chirurgie osseuse et 0.5 
mm @T:tO.9) pour les sites DFDBA, mais 
ce gain restail dans les limites des erreurs de 
mesum La cbirurgie osseuse et la mhthode 
avec Iambeau et DFDBA produisaient 
respectivement une r&sorption de la c&e 
d’en moyenne 1.7 mm (&I?+-1.1) et 1.5 mm 
@I?% 1.5), avec un dtfaut r6sidueJ de profon- 
deur moyenne de 2.0 m m  (Jk~1.4) et 2.5 
mm (@T:ltJ.6). En conclusion, les change- 
ments osseux obtenus ap& la mtthode aver 
grefle osseuse au DFDBA ne di%raient pas 
de ceux obtenus apr& la chirurgie osseuse, et 
aucune de ces mCthodes ne d&terminait une 
r&solution du d&u& par comblement osseux. 
On pouvait aussi concfure que des r&Hats 
stables ont &k obtenus pendant la p&ode de 
J’ttude tant avec la cbirurgie osseuse qu’avec 
la m&hode avec lambeau et DFDBA. 
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Prescribing Information 
DESCRIPTtDN 

CLlNlCAL PHARMACOLOGY 
REGRANEXhas~logicdactiv~similartothatof endogenms pbteiet-derrvedgotifactor, whii 
hdudes prmnoiirg the chmotactic recmbent and proMeraikm of cells invotved n wound repair 
and enhancing the formation of grarwktii t&sue. 

Pharmacokinetii 

Systetic bioavallabillty of becapkrmin was less than 3% in rats wah flJl thickness wounds 
receivk?Qshgle or multiple (5 days) topicat epplicatlons of 127 p@kg (20.1 pg/cm? of wound area) 
Of beceplertin get. 

Clinical Studies 
The effects Ot REGRANEX Gel on the irzidence of and tkne to compkte healiw in lower exbemtt~ 
diabetic ulcers were assessed t” four randomized coMotled sties. of 9n patients studied. 
478 received either REGPANEX Get 0.003% or 0.01%. A0 study pw+.k@“k had lower’extr?Mty 
diabetic oeurcpathic ukers that extended into the ~obcukneous tissue ofbeywd (&gee UI end IV 
of the WET guide to chrwc wound &gbg). Ninety-fhree percent of the patients emolkd in these 
four trick bad foot ulcers The ~wnainirg 7% of the patienk had ankle or kg ulcers The diabetic 
dcers were of at least 8 weeks &at& and had a” adeqwte blood supply (def!! es Tso, 
> 3 Om m Hg). In the low bkk. ninety-f& pe,cent of the ulcers measured in area up to 10 un’. a”d 
the median ulcer she at baseliw ranged from 1.4 o-r? to 3.5 cd. All treatment 9rocps received a 
program of gwd ulcer cam cmsisa”9of ~nttiat ccm#etesherp debtfdement. a non-we@ht-bearing 
regime”. systemit heatment fw woo&relet& infection if presed. m& salinedressi~s changed 
twice a day. endaddnlonal debiidement asnecessary. REGF!ANEXGetO.OCG% orCl.0146 orpbcebo 
!@ was applied mce a day and covered wilh a s&e mcmtened dressing. After appro*makly 12 
~urs~egelwasgennyrinsed~andasar”emoatenedd~wasme”apprwdlorheremainler 
Of  the day. Patients were treated until Co”lpkte healina w  foC a wbd of “D  b.20 weeks. Patknk 
were considered a treatment IaiJure 11 (heir ulcer d#d cot show an approxi&te~ 30% reduction in 
I.,itial ulcer area after e@ii to te” weeks of REGRANEXGe!  therapy. 

The primary endpoint. nddence of complete u&r closwe withm 20 weeks, for all treatment army k 
shown in Ftgure t.Ineachstudy, REGRANEXGelhconiwctio wiV,goodukercarewascompared 
to placebo ~1 pbs good ulcer care oi good ulcer care alone. 

InStudyl,amulticenter,doubk-bd.placeboc~~l~d~otl~8~tie~~incideocaofcwnplete 
ulcercbsuref~REGRANEXGel0.003%(~61)was48%vwsus25%torplacebogel{~7:~.02. 
togktk regressio” analysis). 

klStudy2.amultketier, dw~bSnd.pkcebocontrdedtirtlof3g2patients,theinddencedcanpiele 
ulcerdosureforREGRANMGelO~l% (“=123).was50% versus3646 far REGRANEX G&O.C03% 
(r-132). end 35% for placebo gel (n=127). Only REGWVJEX Gel 0.01% was sigrriAcanlty diisnt 
from placebo gel (fz&Ol. b&tk regeaion analysk). 

The pdmary gcal 01 Study 3. a “wltii”tez conboWed hfet of 172 patie”k, was to assess the safety 
ofvehidagelfplaceboFn=70)comparedtogoodukercarealomt~r=68).Thestwlyincludedasmal 
(m34)EGRANMGdO.Ol%am lnridencesofcomplete~erdoaurewere44%f~REGRAND( 
Ge!, 36% for placebo gzl end 22% for good ulcer care alone. 

m SbJdy 4, a “nJake”ter, evdllda-blind, co”tmued trial Of  250 patienk, the klcidences ofco”@ete 
ulcer closure in the REGRANEX Gel O.Ol% a”n (“=128) 86%) and 9cod ulcer care &one (“~122) 
(32%) were not statktically dUferent. 

F?gure 1: ItidPnce of Compfete Healing 

In general. where REGR4NM Gel was associated with higher &iiwes of compwe ulcer &sure, 
diies I” the incidence first became ap~lre”i after apprdn&?~ 10 weeks and inaeased &th 
contbmed ireakreni(labb 1). 

Table 1: Life Tabki Estimetes of the Incidence (%) d 
CompkteHeatirg GverSime for Study2 

REGRANEX Placebo Gel 
GeIO.Ol% 

w  Wf 
Week2 1 0 
Week4 6 2 
Week6 9 6 
Mek8 16 14 
Week10 23 18 
week12 34 25 
Week14 37 28 
m-16 43 33 
Week18 46 34 
Week 20 50 37 

In a 8manh folbw-op pedbd where no standardized regime” of preventative care was utikzed, the 
incidence of UlWreCt.~re”ce was approximately 30% in all treatment goups, demonstratilg mat tie 
dwabCiy d ulcerclowe was comparable h all treatment groups. 

The efficacy of F tEGRANEX Get for the treatment of non-diibetk ulcers k under evabetbn 

1NDfCATtDNSAND USAGE 
REGRANEX Gel is kdicated for the treabnent of lower extremity diabetic neurc~athic ulcers mat 
extend bto the s&cot~~eou~ tksue orbeyomi and hevean adequate bkx,d supp~ When used as 
an&junctto.a”dnoteswbst?tutef~,gwd ukercantpracticesinchrdinghiiial5tl~llpdebra8ment, 
f.uesswereSd a”dinfectionccntrol. REGRAKEX Gelincreases thekckhmceof cwnpktehealingof 
diabetic ukers. 

The cdfkwy of REGRANEX Getfor the treabnent of diabetic neuopathic ulcers that do not exte,xt 
thrw@ the de”“= ato s~bwk”ew~ tissue (Btege f or II, tAET staging ckssifiitb”) 0r‘kchen-k 
diabdic ulcers has not been evaluated. 

CONTFtAINDICATlDNS 
REGFIANEX Gel is contrabdicated in patients with: 
-known hypersensitivity to eny component of this product (e.g., parabens~ 
-known “eop4Sm(S) at lhe sit*) of appt+cation. 

WARNINGS 
REGRANM Ibecaplennin) Gel is a nw-sterile. tow bioburckn preserved product. Therefore. it should 
not be wed in wcimds that close by primary intenticn. 

PRECALITIONS 
Fw external “se only. 

If apFdicatbn site readii occw, the possbility of sensiazatiin a irikticn caused by paabws w  
m-cresd shed be considered. 

TheeReCtsofbecap)errrincnexpased)~ts,tendon~6gKnenk,andbonehave”Dtbee”establkhed 
in humans ln prpctirical studies. rats hi+ctedat the mektersa!s with 3 w  IO p&ik (approximately 
M)07200~ofbecaplermmeveryotherdayfw13daysdisplayedhistologlcalc)langesidica~ 
dauxterated~ramoder~comslirgdperiostealhyperpl~sjadsubpeliwtealbonereswptnn 
and exodcsis. The soft tissue adjacent to the k$ecSon site had flbropksia with acccmpanykg 
mo”onuckarcetfRfilbz4ion reftective of lhe ability of PCGF to stimulate comective tissue growth 

Irdormation for Patients 
Patients shouldbe advised that: 

-hands should be washed thorooghty before apptying REGRANEX Gei: 
-the tip of the tube should not come into contact wth the uker or any other swtace; the tube 

should be recapped tiiity after each use; 
-a cotton swab. tongue depressor, or other applicahon aid should be used to apply 

REGFtANEXGel;  

It is not known fl REGRAND:  &I irtemck with other tw medrcations epptkd to the ulcer site 
The use of REGRANM Gelwftholh% tcpii &ugs has not been studied. 

Animal raproductia, shldii have not been conducted with REGRANEX Get. It is ako no( known 
whe(herREGRANMGdcan ca”sefetalhan whenadninhtered toa pegnant WOna” orcanaffeci 
reproductive capadhl REGFl4NEx Get should be give” lo pregnent women onty tf &arty needed 
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Pediatric use 
-fetyandeftectivew.~~of REGR4NB(Gelinpediidcpatknisb&~w theageofl6yearsh~enat 

get &ueezed frcm a i5g or 7159 tube. or appioxfmately 1% in& I&& of the.92 from a Zgiube. 
For -Dte. if the deer measures 1 inch bv 2 inches. then a 1% tnh lenqtb of ael should be used 
for 1.Sg $7.59 tubas (1 X 2 X O-6 = 1% an&Z% inch g& length should be-wed i&r 2g tube (l X  2 X 
1.3~2%). 

Tab!+ 3: Formula to Cdcv!ate Length of Gel ii Centimeters 
t0 be ,+prti Daily 

- Enrmula 
15 or 7.59 tube tengmx widul + 4 
29 tub% tength X wtih + 2 

Usingthe~kuklknsforulcersireinoedimete~,e~squarecenlimeteroflJceFsrrface~lrequire 
apgmximatety a 0.25 centimeter lwh d get squeezed from a 15g or 7.69 tube. or appmximately a 
0.5 mtaneter length of gel from a 2g tube. FM example. if the ulcer measures4 cm by2 cm, lbena 
2 centimetw length of gel should be used for 16g or 7.59 tube ((4 X 2) + 4 = 21 and a 4 centimeter 
If i .gV:dgelshouMbeusedlor2gtube((4X2)e2=4). 

The arnwnt of REGRANEX Gel to be applied should berecalculated by the physician or wound care 
giver al weekly or bteekty irWv& depending on the rate of change h uker area She weight of 
REGRWEX Gel fmm 7.5g and 159 tubes is 0.65g per ‘ti length md 0259 per ceritimaler length 
To apply REGRANEX Gel. the cak&ted ler@h of get should be squeezad onto a clean wasp 
swface,e.g.waxpaper.m.? measilredREGWWU(Gelistranstenedhanthedealmeasuingsud~ 
usrw ‘&naDplication aid and thee swead over the entire ulcer area to vi&a thin continuous bverof 

and the ukw ii witt, saK& or wat& to mm& n?Mual gel and cc&md ag& with a second 
moist dressing (w&wt REGFt4NEX Gel) fa the rem&dw d Ihe day. REGFWEX Gel should be 
ap@ed once daily to lhe ulcer untit canptete healing has occuned. II the ukw does not decrease ‘n 
sizebyappoxloately30%~erlOweeksdlreetmeolorcorrpletehealnghasnota;cured~~weels, 
continued treatment wth REGRANEX Get shot&d be reassessed. The stepby-step kstructions !a, 
apptying REGRANM Get for home admi~ktrat~on are desaibed under “Wormafkn lor Patients”. 

H O W  SUPPLIED 
REGRnNW:~adennin)G~,suppKedasactear.cotorlesstosbaw-cdored presewedgetcwtaining 
Wqtg d bxzaptennin per gram01 gel. is av&ble in multi-use tubes in We tollowing sizes: 

2g lubes NDC 0045.08tO-02 
7.59 tubes NDC0045.0810-07 
‘ss- NDc0045081015 

REGRANEX Gel is fu exlernat u5e My. 

Calrtiom Federal WSA) law pohibits dispensing without pmscriptfon. 

U.S. Patenl ttw57.093 

EIL 
Dtttranltedby: 
OMPOIVlSlON 
CJRTHO-McNEtL 
PHARMACEUTICAL.  INC. 
Raritan. New Jesey @St69 
htmUlacatn?d byz 
Oh4.f Ptwmaceoticats~ Inc. 
vs. lkense No. 1196 
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Protection Branch. .The Canadian Notice of Compliance was originally issued in August 
1997 and marketing of PepGen P-l 5 began in March 1999. 

10. Summnry of Preelinicai Studies 

Tripartite biocompatibility testing (IS0 10993-l) has been performed on PepGen P-l 5. 

The following tests were performed 
in Vitro Hemolysis, Saline Extract - A sodium chloride extract was added to tubes of 

who& rabbit blood. The mean hemolysis value was 0%. 
in Vitro Cytotoxicity, MEM Elution - An extract of OsteoGraf cS-300 (PepGen P-l 5) 
was made using minimal essential medium, and flowed over a confluent monolayer of 
mouse fibroblasts. No evidence of eel1 lysis or ceil toxicity was noted. 
Ames Mutagenicity, Saline Extract - Reversion of Ames Salmonella typhimurium 
bacterial in histidine deficient medium containing a saline extract from the device, to 
wild types, were compared to reversions in non-device extract controls. The saline 
extracts did not cause mutagenicity changes in these bacteria. 
Systemic Toxicity in Mice, Saline and Cottonseed Oil Extracts - saline and cottonseed 
extracts from the device were injected intravenously or intraperitoneally in rats. As 
compared to vehicle alone contmk, there was no mortality or evidence of significant I 
systemic toxicity from the extracts. 
Intracutaneous Toxicity in Rabbits, Saline and Cottonseed Oil Extracts - saline and 
cottonseed extracts &om the device were compared to bfank vehicles, for erythema and 
edema in the rabbit. There was no evidence of significant irritation or toxicity from the 
extracts. 
Delayed Contact Sensitization in the Guinea Pig, Saline and Cottonseed Oil Extracts - 
Saline and cotton seed oil extracts form the device were individually injected 
intradermally into guinea pigs and occmsiveIy patched. Following a recovery period, a 
challenge patch was placed. Sites were evaluated at 24 to 96’hours. Neither extract 
demonstrated contact sensitization. 
Muscle implantation in Rabbits, 30-Days - the device was surgically implanted in the 
muscle of the rabbit. At 30 days, there was no significant difference between the device 
and the negative control. Microscopically, the device was classified as a moderate 
irritant, as compared to the reference control. 

The results of this series of biocompatibility tests show PepGen P-I 5 to be 
nonsensitizing, nontoxic, nonhemo!ytic, and nonmutagenic. These tests also indicated 
that ii was a r&d to moderate tissue irritant in the rabbit. However, clinical reports 
characterize PepGen P- I5 as nonirritating to human oral tissues. 
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~990033 - Summary of Safety and Effectiveness 

The following (references #l - 7) are the basis for claims of ceihdar attraction and 
attachment, as well as a basis for subsequent animal and clinical studies. (Note.’ “ABM” 
refers to Anorganic Bovine Mineral, or Anorganic Bovine Derived Hydroxylaptite. This is 
the same as OsteoGraf N-300). 

(1.) Qim et.& compared attachment of human dermal fibroblasts an I) ABM/P-l 5 and 2) 
MM p&&s. R&oI&&d &r&huts were used to determine quantity of cells adherent to 
the study materials, and to evaluate the synthesii of both, DNA and proteins. Cultures were 
a&o stained to measure alkalme pbosphatase. ABM/p-IS fibroblasts formed monolayers, and 
stained heavily for alkaline phosphatase, suggesting the presence of osteoblast-iiie ceils. The 
uncoated ABM ceis did not stain at all. Compared to uncoated ABM particles, ABM/P- 15 
particles demonstrated enhanced viable fib&East ceil, binding. 

(2.) Bhatnagar etal studied fibroblast binding to HA particles containing P- 15. P-I 5 was 
added to dishes of human fibroblasts. The resulting cell activity was observed to compare the 
binding of fibroblasts to P-15 versus collagen. P-l 5 had a marked inhibitory effect on cell 
binding to collagen, indicating significantly greater cell binding to P-l 5, as compared to 
collagen. 

(3.) Sadeghi et-al evaluated the response of periodontal ligament fibrobiasts to P-l 5. PDLF 
cells were added to ABM and ABM/P- 15 particles in siliconized culture tubes to examine the 
attachment of periodontal ligament (PDL.F) fibroblasts on ABM/P- 15. ‘H-thymidine and ‘4C- 
proline to monitor DNA and protein synthesis respectively. Sign&a&y more celis attached 
to ABM/P-IS particles compared to uncoated ABM particles. Cells proliferated on ABM/p-15 
and were more active in protein synthesis. 

(4.) Sadeghi compared attachment and proliferation of periodontal ligament ceils on ABM/P- 
15 versus plain ABM. Periodontal ligament &I cultures were incubated on ABM/p-I 5 
particles of different PI 5 concentrations. P- 15 concentration was assayed by fluorimetry. 
Incorporation of radiolabeled thymidine and proline was measured with a scintillation cpunter 
in order to compare the number of celis attached and their viability. ABM/P-is cells attached 
in greater numbers and proliferated more readily than ABM celIs. 

(5.) Bhatnagar evaluated migration patterns of fibroblasts. ABM and ABM/P-15 particles 
were placed in agarose gel to examine the potential of P- 15 to promote cell migration. 
ABM/p-l5 cultures markedly stimulated the migration and attachment of cells compared 
microscopically with the ABM cultures. 

(6.) Qian et.aI evaluated the alkaline phosphatase activity of neonatal human dermal 
fibroblasts. Fibroblasts were ~ukured with either ABM or ABM/p-15 to evaluate dk&ne 
‘phosphatase activity as measuied by the behavior of neonatal human dermal fibroblasts. 
ABM&‘-15 cells formed three-dimensional colonies; ABM cells formed only monolayers A 
BM/P- 15 showed the presence of significant amounts of alkaline phosphatase. 
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P990033 - Summary of S&y and Effectiveness 

anorganic bovine derived hydroxylapatite matrix serves to enhance performance characteristics 
by accelerating cell binding, thereby enhancing bone ingrowth into the defect site (see 
Summary of Prechnical; Studies). 

Mechanism ofAcrion: 

Hydroxylapatite is the primary mineraf component of teeth and bones, It has been shown to be 
an effective bone tilling material, acting as biocompatibfe scaffbidmg for osteoconduction in 
defect sites. 

PepGen P-l 5 was developed by con&ii hydroxylapatite made from anorganic bovine bone 
with a synthetic peptide having a small linear chain of 15-amino acid residues. This amino 
acid sequence is a synthetic replication of the sequence contained in residues X6-780 of the a 
chain of Type I collagen, which contains a putative cell biding site. It is ais0 believed that 
this region of Type I collagen does not contain immunobgically active sites. P- 15 is adsorbed 
to this hydroxyapatite to form Pep&n P-15. In vitro studies (see Summary of Preelinical 
Studies) have demonstrated that the attachment of fibroblasts to hydroxyapatite particles is 
enhanced when P-l 5 is Present on the particles. In addition to improved celiular attachment, 
the lack of putative antigenic sites is believed to either elimin;ite or greatly reduce both 
immediate and delayed immune responses that may be associated with allografts such as 
freeze-dried bone aliografts and xenografts. 

8. Alternative Practices and Procedures 

Alternative treatments include the use of other bone filli materials such as autogenous 
intraoral bone grafts, autogenous hip marrow grafts, f&z-dried and decalcified freeze-dried 
bone aIlogra.fts, hydroxylapatite, calcium phosphate materials~bioglasses~ coral, and polymeric 
synthetic bone repfacement materials. In narrow three wall defects no g&king material may 
be required at all. In addition, guided tissue regeneration (GTB) procedures without the use of 
any grafting material has been advocated. The present benchmnrk against which other non- 
autogenous bone filling materials are compared is decalcified freeze-dried bone allografi. 

9. Marketing History 

PepGen P- 15 has been marketed in the European Conununities since March 1999 after 
undergoing the CE-Mark certification process and being issued an EC Design Examination 
Certificate (CE 01972) by the British Standards Institute. 

PepGen P-I 5 has been marketed in Canada since March f 999 via a Part V 
submission (#I 1688) and issuance of a Notice of Compliance by the Canadian Health 
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~99~33 - summary of Safety and EfFIxtiveness 

(7.) Moses et.al evaluated periodontal liwnt cell spreading, by scanning electron 
microscopy, on various bone grafting materials, human periodontal ligament fibroblasts 
(PDLF) were grown on a variety of bone replacement gr& materials, including ABM/P- I5 
peptide. At 4 hours in vffro, ccl& spread more rapidly on the ABM-1 5 than on other 
synthetic and natural hydroxylapatites, polymers. coral, and glasses. The ceil spreading rate 
was as rapid on the ABM/P-IS as on demineralized and non-demineralized bone. Cells were 
flattened and we11 spread out on the ABM/P-I 5 particles. 

In- Vivo Study 

The study in reference #8 is the basis for a claim of improved bone growth and the basis for 
subsequent clinical studies. 

Parsons et.al evaluated the efficacy of ABM/P-U as a bone graft material in delayed healing 
rabbit bone defects. ABM/p-IS or ABM was piaccd in contralateral skul1 defects of ten New 
Zealand white rabbits. Quantitative image &alysis indicated that no fibmus tissue 
encapsulation occurred in any of the implant sites. ABM/P-15 sites exhibited significantly 
more linear bone ingrowth than the ABM sites. 

Note: The above tests were exempt from GLP because they were basic exploratory studies 
conducted to determine whether the device might have potential utility. 

10. Gender Analysis 

The investigators in this study neither made note of any gender related differences in 
periodontal disease severity* nor observed any preferential response in its treatment. The 
dental literature contains no studies indicating that adult type periodontitis has a greater 
predilection for one gender over the other. There is also no evidence in the literature that 
indicates a differential response to periodontal treatments of any kind. Therefore, this study 
reflects the general population with respect to gender related study selection, gender related 
disease severity, and gender related treatment response. 

11. Summary of Cliiical Studies 

There are two multicenter clinical studies presented in this Premarket Approval Application. 
Both studies were prospective, double blind, and performed by calibrated measurers. A same 
mouth design was used. Each patient supplied both experimental and control sites. Patients 
selected for both studies were randomly selected with respect to.gender and treatment. 

Clinical St& #I 

The first clinical study compared PepGen P-IS to benchmark surgical and grafting treatment 
modalities. The study objective was to show that the test material was at least as safe and 
effective as DFDBA. The primary clinical outcome goal was at least 1 mm difference between 
experimental and control measurements at 6 months, in clinical probing attachment gain, 
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p990033 - Summaty of safety and Effectveness 

probing depth decrease, and percent defect fill. Percent deftrct fill and decrease in probing 
depth were secoadary goals. Thirty one patients (16 malts and 1 S females) with a mean age of 
51 .S and age range of 37 to 76, were treated. Each patient in the study supplied three eligible 
periodontal defects, and acted as a negative control, a positive control, as well as an 
experimental treatment arm. For~each patient, after surgical debridement, one site received no 
bone filling material (negative conlroi.site), one site received demineraliied fiFeeze-dried bone 
allogmft (positive control site), rtad the third site reixived Osfe&raf CS-300, [eXpWimentsll 
site). Patients were seen for a reentry surgicat appointment at 6 months where measurements 
were made. The patients were aiso seen at 12 months for clioicat measurements, and to 
evahmte healing. Study results demon&rated stat%ticaIly significant superioxi~ of the test 
material, OsteoMa-300, over both debridement and DFDBA for percent defect fill in the 
vast majority of sites. All criteria for suy ofthe test material set forth prior to initiation of 
the study were met: i.e., OsteoGraf/CS-300 was equivalent to or better than DFDBA in 
attachment gain, percent defect fill, and decrease in probing pocket depth. OsteoGraf CS-300 
performed better than debridement in those same measures. 

Tabk I -Clinical Study #I Results 
Defect Results 

6-7 month reentw 
I 1 PepGen P-15 (a) 1 DFDBA (b) 1 DEBR (c) 

N-31 
Original Defect 
Residual Defect 

N-31 1 N53E I 
3.6 mm 1 4.omm 1 
0.7 mm I IStIm I 1:3mm I ah, 1 

t a/C 

Amount Defect Fill 2.8mm 2.0 m m  1+5mm a/b, 
a/C 

%  Defect Fill , 72.3% 51.5% 1 40.3% ~ ah, 
I I I a/c 

Crestal resorption 0.1 m m  0.5 m m  l.Omm a/c, 
b/c 

%Defect Resolved 1 79.Y? 1 64.6% 66.0% ah, 

(a) PepCicn P- 15 (formerly known as OsteoGraf CS-300) 
(b) DPDBA = decalcified freeze-dried bone alfograft. 
(c) DEBR = defect debridement (no graft material). 
P* indicates that whan comparing‘data in cohmm a compared to data in column b, data in 
column b compared to column c, or deta in c&mm a compared to column 6, a Parametric one 
way ANOVA with Student Neaman-Keuls and aoaparametric K~skafl-Waflis ANOVA by 
Ranks with Dunn’s post-test Used for analys$ indicated statistical significance. 

. Table I table compares treatment with PepGen P-l 5 to the benchmark grafting material, 
decalcified fixeze-dried bone aflograft. Results indicate that the addition of PepGen P-l S to 
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~990033 - summary of Safety andEffecfiveness 

pcriodontai defects resulted in a statistic4iily greater amount of bone fill and g~ter percent 
bony defect fili than defect debtidement alone, or decalcified fkeeze-dried bone allografl. 
Percent defect fill is considered by many clinicians to be a measure of trc&tnent success. This 
may be compared to historical data in Table If, below. This data was obtained from studies 
published in the reviewed literature. 

Table II- Historical Overview of Controlled IntraPatient Reentry Studies 

DFDBA = deczdcifii fre+z&dricd bone (gr& materid) 
DEBR = defect dcbridement (no grail material) 
HA = hydroxyapatite @a& mattrial) 
CPAL = coronal pr&ing attachment fevc~ (increase in probing attachment level) 
Prob. Depth = decrease in c6nical probing attnchment level 

Probing attachment level reflects the amount of alveolar bone lost due to periodontal disease, 
and conversely, the amount of bone left to anchor and support a tooth. It is measured by 
subtracting gingival recession measurements Corn probing pocket depths. Table II reviews 
data firorn 38 clinical studies, and indicates that, from a h&tori& perspective, periodontal 
defects demonstrated approximately 50% or greater defect fill. A defect fill of 50% or greater, 
has been a historical benchmark for treatment success. Table HI, below, displays the 
percentages of cases where defect fill was 290%, 150%,<50%, and -GO% respe&vely. 

Table III - Results of Cliaical Study #I 
Number of Cases Demoostrating “Positive Rcsuits” with Respect to Defect Fill 

cs-300 = PtpGeo P- I5 (formerly knawtl as OsteoGnf Cs-300). 
DFDBA = dcqtcifled fitctedried bent &graft. 
DEBR *defect debridement (no graA mat&al). 
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1. General Information 

Device Generic Name: Endosseous Implant for Bone Filling 
and/or Augmentation 

Device Trade Name: PepGen P-l SW (formerly known as 
OsteoGraf CS-300) 

&mlieants Name and Address: CeraMed Dead, L.L.C. 
12360 W. Cedar Drive, Suite 1 IO 
LakGwood, CO 80228 

Premarket Atmroval (Ph4AI Number: P990033 

Date of Panel RecommendatioQ: January I2,1998 

Data of Notice of Aonroval to the ADdk@: .OCT 2 5 1999 

2. fudicatians for Use 
PepGen P-l 5 particles are intended for use in ,rhe treatment of intrabony periodontal osseous 
defects due to moderate or severe periodontitis. 

3. Contraindications -None known. 
\ 

4. Warnings - (See device labeling). 

5. Precautiods - (See device labeling). 

6. Adverse Effects of the Device on Health 
No instances of any tissue reaction, in&mmatioq particle migration, or other local reactions 
related to the PepGen P- I5 were observed during two multicenter ciiical trials (65 patients). 

The folIowing complications have been repotted in Iiterature with regard to surgical bone 
grafting procedures in general: implant migrationl particle extrusion, wound dehiscence, loss . 
of vestibular depth, sterile abscess, infection, and varying levels of mental nerve anesthesia 
including permanent paresthesia or anesthesia. 

7. Device Description 
PepGen P- 15 consists of the fdllowing two components: 
* Anorganic bovine derived hydroxylapatite particles, 250420 pm in 

diameter with a mean diameter r 300; and 
l P- 15, a synthetic replication of a peptide sequence of the a chain of Type I coHagen. 

Physical and handling characteristics of PepGen P-15 are identical to those of its anorganic 
bovine derived hydroxylapatite matrix. The addition of the P-15 synthetic peptide to the 
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P990033 - Summary of Safety and Effectiveness 

Treatment success is defined as~50% defect tit!- 
Table III demonstrates the percentage of cases in this study having greater than 50% defect till 
using the three treatment modalities studied, as well as cases having less than 50% defect fill. 
Fifty percent defect fill has been historically viewed as +e cutoff point for treatment. success 
because studies in the past have not been able to demonstrate a predictable defect fill greater 
that approximately 50%. The data in Study #E indicates that 87% of the PepGen P-l 5 cases 
demonstrated a greater than 50% defect fill 87 percent of the time. At the same time, 
decakified freeze-dried bone allografi (DFDBA), the benchmark grafting material; the grafting 
material against which grafting materials are compared, produced a greater that 50% defect 
till, 58% of the time. 

Graphical representations of the typicat or average periodontal defect are presented below. 
The defects and how they responded to the three treatment modalities used in this study give 
the clinician an idea of what to exEc.t when treating patients. The first bar represents the pre- 
operative intrabony defect in a treatment arm, and the second bar represents the breakdown of 
how that defect responded to that particular treatment. Three events occur to varying extents. 
Resorption of the atveoiar crest (net loss of bone) may occur. The defect could be filled 
partially or fully with bone. Or, the defect could have residual post-surgical probing depth. 
The second and third bars in each treatment arm indicate what occurred. 

Graph I - Hard Tissue Clinical Response 
PepGen P-l 5” DFDBA DEBR 

4.0 -L 

Pre- 6-T Months 
Operative 

ERR = Rwrwirat Achrkiltm~nt 

Prp .6-7 Monlhs 
OperalIve 

PW 6-7 M0nlh.s 
OparotWe 

ChStal 
Resorption 

Remaining 
Defect 

Defect 
Fill 

DFDBA = Decalcified freeze-dried bone allogr& 
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The asterisks indicate statistically significanf differences. 
Graph #1 displays the osseous response from Study #l, to debridement alone, debridement 
followed by grafting with freeze-dried bone allogr&, or debridement followed by grafiing 
with PepGen P-l 5. Osseous defect Ii11 was greater, while the amount of defect remaining after 
treatment, and alveolar crestal resorption, were4ess using PepGen P- 15, than the other two 
treatments. 

Graph II - S&t Tissue Clinical Rewonse 

PepGen P-l 5” 

Gingivak 
Recession 

Restdual 
Probing Depth 

Gain in Clinical 
Attachment 

EBR = Surgical debridement 
FDBA = Decalcified freeze-dried bone allograft 

Graph II displays the soft tissue response to the above treatment regimens. There appeared to 
be a small gain in clinical attachment using PepGen P-l 5 over the other treatments. 

Clinical attachment is measured as the algebraic sum of gingivak recession and pocket probing 
depth. It is different than histological attachment level where pocket depth measurements are 
made using biopsy specimens. Clinical attachment level is measured using a periodontal 
probe. Histological measurements were not made in either Study #l or Study #2. The 
differences observed between histological pocket depth and clinical pocket depth 
measurements are due to measurement error when using a periodontal probe. The probe tip 
may not reach the epithelial attachment to the tooth in eases of excellent periodontal health. In 
cases of inflammation, the probe has been shown to penetrate the junctional epithelium. 

_ Residual probing depth, generally referred to as “postsurgical pocket probing depth”, was 
remarkably simiIar in all three treatment groups. This indicates that, although the bony 
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support for a tooth may be increased, using some of these treatment modalities more than 
others, resolution of the periodontal Pocket, which is a goal ofperiodontal therapy, has yet to 
be accomplished with predictability using any of these treatment modalities. 

Sfudv #2, 

The second clinical study was undertaken to determine the clinical utility or usefulness of 
adding the P-f 5 peptide to the GsteoGraf N-300 product in order to create PepGen P-l 5. This 
study compared PepGen P-l 5 to anorganic bovine bone in the form of OsteoGraf N-300, 
which has been on the market for several years. AS in the first study, criteria for success 
included at least I mm difference in cIinical probing attachment gain, decrease in probing 
depth, and defect fill. Percent defect fill and percent decrease in probing depth, were also the 
same secondary endpoints, used in Study #I. The only difference between the two bone tillers 
is the presence of the synthetic Type I collagen peptide analogue, P- 15. Thirty three patients 
were studied, and included 12 males and 21 females. Patient age ranged form 38 to 8 1, and 
had a mean of 48.7 years. The study results demonstrated statistically significant improvement 
in percent defect fill, when using PepGen P-l 5, as compared to OsteoGraf N-300. As in Study 
#I, all criteria for success were met. PepGen P-l 5 had a percent defect fill value greater than 
the 15% found using OsteoGraf N-300, as determined by comparing the measurements taken 
at the time of initial surgery and the 6-month reentry surgery. 

Table IV - Primary Study Outcomes 

Responses to Treatmenf of Human Osseous Ddferts 
Comparison of PepCen P-15 to OstcoCraf N-300 

Reentry at 6-7 months 

# - approaches significance 
NS - not significant 
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SSD - ps0.05 both t test and Mann Whitney U test 

Table IV demonstrates that hard tissue findings, such as the difXerences in amount of defect filI 
and percent defect fill were statisticalfy, but not ciinically significant. The 0.7 mm difference in 
-the amount of defect fill (2.9&l 2 VS. 2.2f 1.4 mm). This measurement is at or just above the 
measurements considered to be within the range of measurement error generally observed in using 
a manual periodontal probe. In addition, the difference in alveolar crestal resorption between 
PepGen P-15 and OsteoGraf N-300 approached, but was not statisticallysignificant. However, the 
data did appear to favor the use of PepGen P-l 5. The improvement in Percent defect fill of 22.3% 
is also statistically significant and an improvement in resolution of these defects. There were no 
significant differences between the two bone filters with respect to soft tissue parameters. 

Table V - Overall Relative Periodontal Defect Fill Success Rate 

Table V demonstrates that in Study #2, a greater percentage (~81% vs. 67%) of periodontai 
defects exhibited more than 50% defect fill. It is also interesting to note that fewer cases (~18% 
vs. 33%) had less than 50% defect fil1 occurred using PepGen P-15. A success rate of 2 50 %  to 
60% bone fill in 250 %  of cases studied, has been used as a benchmark for success in grafting of 
periodontal bony defects within the periodontal clinical community. 

Table VI - Comparative Defect Fill by Done Defect Type 
(Cases Treated Using PepGen P-15 vs. OsteoGraf N-300) 

( Percent 250% Fill I 8 1 o/o/67% I J 

The percentages indicate the percentage dercct fill. The first number in each cell is the number of cases where 
Pep&n F-15 was used, and the second number in eachcell is the number of cases where OsteoGrafN-300 was 
used. 
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P990033 - Summary of Safety and Effectiveness 

Table VI indicates that both gr&ing materi& demonstrated defect fill. There was a greater 
percentage of cases treated successfully (81% vs. 67%) when clinical success is defined as XX 
% defect filled. In addition, there were fewer failed cases (-30% defect fill) using PepGen P- 
1.5 (18% vs. 33%), than 0steoGra-f N-300. 

12. Conclusions Drnwn Fmm Studies 

a. The two multicenter randomly controlled clinical studies described herein, demonstrated 
the safety and effcctivcuess of Pep&n PI5 for the treatment intrabony periodontal 
osseous defects due to moderate to severe periodontitis. 

b. Clinical utility for the addition of P-15 to QsteoGraf N-300 to form PepGen P-l 5 has been 
estabhshed. 

13. Panel Recommendation 

At an advisory meeting heid on January 12, 1998, the Devices Panel recommended that 
CeraMed’s PMA for PepGen P-15 be considered approvabte subject to submission of 
additional data from a postmarket study comparing the PepGen P-l 5 to the matrix without P- 
f 5 (OsteoGraf N-300). 

14. FDA Decision - FDA approval is approvable. 

CDRH disagreed with the Dental Devices Panel approvable re?ommendation. However, 
CDRH concurred with the need for the ‘second clical study propod by the Panel. CDRH 
determined that the PMA was not approvable until the second clinical study was completed, 
and the results demonstrated a cliical utility for the P-15 peptide component. A not 
approvable letter was issued February 5,1998. The applicant responded to the not approvabie 
letter on June 24, 1999 and a new PMA number was issued. It was determined that a second 
Dental Devices Panel meeting.was not necessary for review of the new clinical data. The 
second clinical study adequately addresses the Panel and FDA concerns about the clinical 
utility of the P-f 5 component of PepGen P- I 5. 

FDA determined that the applicant’s manufacturing facilities were in compliance with Quality 
Systems Regulations. In amendment #6, the sponsor withdrew the steriliition contractor 
because that contractor was no longer performing the type of sterilization services needed by 
the sponsor. The sponsor statad that they would not have any product sterilized after 10 
September, 1999. In the approval order, the applicant was advised that any new sterilization 
contractor wouhl have to be inspected and approved by FDA, prior to sterilizing or shipping 
any devices sterilized by the new sterilization contractor. 

The approval order was issued on 0c-f 25 1999 

Page 13 of 15 
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P990033 - Summary of Safety and Effectiveness 

IS. Approval Specifhtion 

. Insuuctions for Use: See product label@. 
l H8z&s & &&.h from Use of h &y&g: See indications, Contraindications, 

Warnings, Cautions, and Adverse Events described in the labeling. 
. Postapproval requirements and restrictions (see approval order). 
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Memorandum 
3te l 

33 30 ICI96 

xi5 Director,  Office of beviee EVaUation (H.FZ-400) 
X%xiter for Deyices and Radiological Reafth (CDRi3) 

m iect Premarket Approval of Biora AEl 
EMDOGAIN@- - ACTION 

The Director, CDlW 
ORA 

ISBrn i Publica*ion of a'not-ice annokxting approval,of tihe 
subject PMR. 

FACTS,, Tab A cuntains a FEDERAL REGISTERnotice announcing: 
. _. 

(1) a pr.qmrket approval order for the above 
. . refsrewe~%edical device. (Tab Bj; and 

(21 the availability of a summary of safety and 
effectiveness data for the device-(Tab C), 

~AHz&-iments. 
T&b A - Notic& 
Tab B - Order 
TEjb C - S 6. E Summary 

DECLSION 

@ @ roved , Dissppqoved . Date 

PEeprryed b$ Pamela D. 1. 1 SW%~;, CDRH, HFZ-480, Xarch 26, 1986,' 443-8879 
: : : 

. - 
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P  : . -. 

DEPAR!I!MENT OF H.?BLTH AND HUM&N SERVLCES, {/ 

FOQD AND DRUG ADMINISTRATION 

[DOCKET NO. 3 . 

Biora US, Inc.; PR-T AXJPRO+AL OF EMDOGAIX@ 

AGENCY: Food and Rrug .Adm ini.stration, BEH. 

ACTION: Notice. 

S -Y : The Food and Drug Administration (FDA) is 

8q@ouncing its approval of the application by Biora US, West 

Chester, OH, for .prem arket approval, under the Federal Food, 

Drug, and Cosm etic Act (the act), of EMDOGAIN@. A fter- 

reviewing the recom m endation'of the Dental P roducts Panel, 

- FDA's Center for Devices and Radiological Health (CDRHI . 

notified the applicant, by fetter on Septem ber 30, 1996, of 

the. approval of the application; 

( 

.D.ATES: Petitions for adm ini&rati.ve.review by (insert date 
cl 

30. daw after date of'publication in .the FEDERAL &GISTER). 

ADDREGSES: 
. . W ritten requests for copies of the sum+- of 

._ . . . *. 
safe& and effeotiirqtiess data, an&-.:ptitit%ons .&r 

adrr$histrative review, to the Dockets,M anagem elit B ;ranch I 

&FA.-3051, Food and 'Drug Administration, Ii420 Park%& Dr., 

x-m . l-23, Rockville, M b 20857. 

BM002441 



FOR FURTHER INFORMATXON CONTACT: 

Ms. Pamela D. Sdott, 

Center for Devices. and Radiological Health (HFZ-48O), 

Food and Drug Administration, 

9200 C!orpc&te Blvd., 

Rockville, MD 20850, 

301-443-8879. . 

SUPPLEMENTARY INFORMATION: -On $uly 19, I Iga3; Biora. US, West 

Chester, OH, 45069, submitted to CDRH an application for 

premarket approval of EMDOGAIN@~ The device is a bone 
- . + 

f\illirig and ‘a.ugmentation device and is indicated for use as 

an adjunct to periodontal surgery for topical application 

onto exposed roqt surfaces to treat intrabony defects, 
-. _ - 

without furcations resulting from loss of tobth support due 

to moderate or severe pericdont&is. EMDOGASMe- is to be 

*_ used with the supplied.vehicle.solution of p~opylepe glycql. .. . . _. '. ._ ' _- ' :. aig&i;‘iztk : 

On. February 27, 1996, the Dental Products Pmei of the 

-. Medical Devices Advisory Committee, an FDA advisory 

committee, reviewed and rG:commehded a&roval of the 

application. 
i 
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On septimber 30, 1996, CDRH approved the application by 

-a letter to the applicant from the Director of the Office of 

Device Evafuation, CDRH. 

A summary of the.safety and effectiveness data on which 

CTXW based its approval is.on file in the Dockets Management 

Branch (address above) and i.8 available f2om that office 

updn written request. 'Requests should be identified.with 

the name of the device and the docket: number found in 
. ' -. 

brackets in the heading of-this document. 

Oppdrtunity fof Administrative Review 

Section 515(d) (3) of the adt, (21 U.S.C. 360e(d) (3)) (1 

authorizes any interested person to petition, under section , 

525(g) of the act, for administrative review of CDRHrs 

,decisioa to approve this application. A petitioner may 

request either a formal hearing under part 1.2 (21. C~~.p&rt 

-12) of FDA's.q&ninisfrative practices-and procedures 
: . -_ .__ : -._ .- 

; z$&ulatiqris or a revi&, of 'the ap@lication &nd.‘&Mis action 
: 

by an independent advis&y committee of experts. A petition 

is to be in the form of a petition for raconsid&ra<ion.urider 

10.33(b) (21 CFR 1&33(bj). A peijtioner shall identify the 

form of review requested [hearing or independent advisory _ 

committee) and sha21 submit with the petition suppdrting f 
. 

__ 
f3M002449 
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data and information showing that there is a genuine and 

substantial issue of material fact 'for resolution through 

administrative review. After reviewing the petition, m3A 

will decide whether to grant or deny the petitipn and will 

. publish a notice of its decision in the FED& REGISTER, 

If'FDA grant.s the petition, the notice will state the issue 

to be reviewed, the form of the review to be used, the 

persons, who.-may participate in the review, the time -and 

p:ace whefe the review will occur, and other details. 

PetitFoners may, at any time on or before (&kert date 
‘ . . 

30 days after date of &..&licgtion in the '@DER& RRG-~), 

file with the Dockets'Management Branch (address above) two 

copies of each petition and supporting. data and information, 

identified with the name-of the device and the dock& number c 

found.in biackets+in the heading of this document. Received 

petitions may be seeri in the o'ffice above between $:a.?? and -... 
_.: , ._ .._ - . 

'4 p.m.; M&day 'th&qh 'Feia&. 

- . 
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This notice is issued under the Fedex& Food, Drug, and 

-Cosmetic- Act (sets. 515(d), 520(h) ((21 U.S.C. 36Oe(d), 

360j (h))) and under authority dekgated to the C+mmi.ssioner 

of Food and Drugs (21 CFR 5.10) and redelegated to the 

Director, Center for Devices and Radicslogical Health (21 CFR 

5.53). 

Dated:. 

i 



Food and Drug Adminiss+iin 
9200 Corporate Boulf?vwd 
RockviNe MD 20850 

Otis Bouwsma, Ph.D., D-M-D. SEP 30 1996 
PiMedical Director 
Biora US, Incorporated 
6375 W ildernesti Trail 
West Ch&t;er, Ohio 45069 

Re: I?930021 
_; ?ZMDOGAIN'Q 

Filed: July 19, 1993 
mended: January 28 qxd February 17, 1994; Jrine 5 and 

26, 1995; August 4, 1995; January 17, June 14, 
&me 27, August 9, August 28,. August 3Q and 
~September 30, 1996 

loear Dr. Bouwsma: 

The Cex~ter for Devices 2nd Radiokgical Health (CKX?El of the 
Pcjod and Drug A&ninistration (FDA) 'has completed its review of 
ym.x psemarket app?gval* application (E'MA) for the EMLKGAIN@3 
~hig devil% is itid%&ated for use as an adjunct to periodontal 
surgery for topical applicatian.onto exposed root surfaces eq 
treat intrabony defects without furcations., restilcing from . 
20s~ of tooth suppcirt due fro moderate or severe periodontitis- 
EMDOGAft i@ is to Be used with the supplied vehicle so1utio.n of 
propylene glycol alginate. We are pleased to info& you that 
the PM& is ap,proved subject to the condikions described below 
and in the "Conditions of Approval" (enclosed). You may begin 
cqmmezcial. distributibn of the device upon receipt of this 
letter * - -_ . 

The sale,. dis,tribuBiqn anduse oE tltis device are restricted ._ 
..to ~resc&@zfon,use~in a,ccordatice with 2f Q?p 801,109. .. .- .. . I , _. . . . 

'fn addition to the po&appz?oval requirements in the enclosure, 
the postapprovaL repbrts must j&elude the following _- 
fnformation:: . 

1) : 
I. Clinical follow-up data on 400 patients or for 3 years, . 

which ever occurs first, and infomcati& aa described in 
the.appxoved prutdcol for the postapproval study to 
further evaluate the potential for sensit&tion to 
EMDOGAI.H@ in patients receivbg repeated utie of the 
device Gith two or make months between tre&xnents and . 

2. O.ne year clinical fol$ow-up data and information as 
described-in the approved protocol for the Postapproval 
study to establish the long term effectiveness of 

-r 1 
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Page 2 - Dr. Bouwsma 
. . 

EMDOGAIN@ for the treatment of intrabony periodontal 
defects without furqation lesions. 

Expiration dating for this device has been established and 
approved at: 3 years at room tiemperature or under 
refrigeration. 

CDRH will publish a notice of ita decision to approve your PMA 
in the FEDERAL REGISTER. The notice will state that a lsummary 
of the safetzy and effectiveness data upoh which the a&oval 
is based is avai$able to the public upon retjuest. withi.n 30 
days of publication of the notice of approval in the.FEDER&L 
NIGISTER, any interested person may seek review of this 
decision by requesti;ng.an QppOrtUdty for administrative 
review, either through a. hearing or review by an inde@end&t 
advisory committee, under section 515(g) of the Federal Fdod, 
Dtig, and. Cosmetic' Act (the act). 

Failure to comply with the conditions of approval invalidates 
this .approiral order, Commercial distribution of a device tfiat 
is.'not in compliance with these conditions is a violation of- 
the act. 

You are reminded that as soon ati possible, and befoke 
commercia3r. distribtition of your device, that you must submit. 

-an +mendment to this PMA submissi.on with copies of all 
approved labeling in: fi.rial printed form, 

A11 required document.F, should be submitted in triplicate, 
unless otherwise specified, to the address below and should 
reference the above PMA.number to facilitate processing, 

PMA Document Mail Center (HFZ-461) 
Center for Devices and Radiiological Health 
Food and Drug Administration 
9200 dokporrite Blvd. 
Rockville,. @zyland- 208550 

, __ : '_ ._ 
If yoii h&e S~-@~~&&tiotis co&Gxii-rlg'this ajlpr&ai order; 
please contact Ms. Pamela I), Scott dt (3013 443-8879. 

office of Device Evaluation 
Center for.Devices.and : 

Radiological Health- 

Enclosure 

i: 
L 

, 
! 

f 

i 

t 
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1 GENERAL H’lFORMAI-1ON 

Device generic name: Eriamel Matrix Derivative ( EMD ) 

Device trade name: EMDOGAINO 

Name and address of ap~fioant: BiORA AB 
IDEON-MaIm6 
S2Q5 12. MafmG 
swedsn ’ ’ 

United Stat& Representative: B/era US, incorpqrated 
6375 Wilderness Trail 
West Cketser, OH 45069 

PMA number: P930021- 

date of panei ~eccjmmendation: February 27,1996 

Date of notice of approval 
to the applicants May 7, IQ96 

&lDOGA1N~ is intended as an adjunct to periodontal sti~rgery for topical appfication 
onto exposed root surfaces tu treat intrabony defects without furcations, resuIting from 
loss of tooth support due tb moderate or s&em periodontitis. 

. . _ 
rti DEVICE,DESCRIPTIDN’ . : _ .. .’ ‘.. : ’ -. I , . _. . . 
Efvl&X$AIN@ consists of hydrophodic enamel matrix proteins (amelogenins) of porcine 
origin, n-tese-proteins are referred tq as En&-r& Matrix Dedvative br Ei\llD, fie device , 
consists of 60 per &nt /&y t”jei#tt) freeze-dried amelog&nin (piote’c); the remaining 20 
per cent is residua[‘wateti, salts and acetic acid. Propyfene glycoi algina@ is used as a 
vehicle sokrtion for the appffcatbn bt Eh&lOGm@ onto the rOot surface. The product 
i$ supplied 64th tine vial conk&&g 30 mg of sterik fypphilized EMD and a second vial 
containing the sterile vehkle sottiion, Propytene Glycot Aiginate (PGA). The vehicle 
sofution is acidic (pH 3-4) in order to assist in the dissolution *of EMU. It is afso viscous 
( 1.5-2.5 Pa with EMD added) to facilitate hclmogenous application onto surgkalfy 

_- .  I .  
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e x p o s e d  ro o t s u rfa c e s . A fte r a p p l i c a ti o n , th e  p h y s i o l o g i c a l  c o n d i ti o n s  v & i  d e c re a s e  th e  
f a c i d i ty  a n d  v i s c o s i ty , a n d  a l o w  re fo rm a ti o n  o f th e  i n s o l u b ts  m a tri x  o n  th e  ro o t s u rfa c e s . 

T h e  .m a te ri a t p ro v i d e s  th e  s u rfa c e  m a tri x  fo .r re p a i r o f th e  d e fe c t s i te s . 

IV  C O N T R A l N D IC A T l O M S  

E M P O G A W  s h o u l d  n o t b e  u s e d  i n  p a ti e n ts  w i th  d i s o rd e rs  o r c o n d i ti o n s  i n c l u d i n g , b u t 
n o t l i m i te d  to  th e  fo k o w i n g : u n c o n tro l l e d  d i a b e te s  .o r o th e r u n c o n tro l l e d  s y s te m i c  
d i s e a s e , d i s o rd e rs  o r tre & n e n ts  & a t c o rn p ro m i ti  w o u n d  h e a l i n g , c h rd n i c  h .i g h .d o s e  
s te ri o d  th e ra p y , b o n e  m e ta b a fi c  d i s e a s e s , ra d i a ti o n  o r o th e r i m m u n e -o p p re s s i v e  
th e ra p y  a ri d  i n fe c ti o n s  o r v a s c u l a r i m p a i rm e n t a t th e  i m p l a n t s i te . 

F o r w a rn i n g  a n d  p re k a u ti o n s , p l e a s e  re fe r to  th e  a tta c h e d  l a b e l i n g . 

In  p e ri o d o n ta l  s u rg e ry , rrw o p e ri b s te a l  fl a p s  to  e x p & e  m a rg i n a l  a l v e o l a r b o n e  a re  
d e v e l o p e d  ;3 i n d  p o c k e t e p i th e l i u m  a n d  g ra n u l a ti o n  ti s s u e  a re  re m o v e d . i n  c o ti v e n ti u n a l  
fl a p  s u rg e q ’, d e b ri .d e m a n t i s  p e rfo rm e d  to  re m o v e  th e  c o k r o f In fl a m e d  ti s s u e  a ro u n d  
th e  te e th  a n d  % ~ e  d i s e a s e d  ro o t s -w -fa c e s  a re  s c a l e d  a n d  ro o t-p l a n e d  to  re m o v e - s o ft a n d  
h a rd  b a c t? e ri $ J  d e p o s i ts . S ti b s .e q u e n tfy , th e  fl a p s  a re . re p o s i ti o n e d  o v e r th e  a l v e o l a r 
b o n e  a n d  s W re d . 

P h y s i c a l  b a rri e rs , s u c h  a s  m e m b ra n e s  (b i o d e g ra d a b l e  o r n o n -b i o d e g ra d a b l e ),.h a v e  
b e e n  u s e d  to  re ta rd  o r p re v e ti t a p i c a t m i g ra ti d n .o f q & h e l i u m , a s  w e l l  a s  e x d u d e  
g i n g i v a l  c o n n e ti ti v e  ti s s u e  fro ti i h e  p e ri o d o n ta l  w q u n d . T h i s  a l l o w s  fo r s e l e c ti v e  
re c s l o n i r & t& n  o f th e  ro o t s ti rfa c e s  e x p o s e d  b y  M e a n s  o f fl a p  s u rg e ry . 

A u to g e fi o u s  a n d  a l l o g e n i c  b o n e  g ra fts  h a v e  b e e n  u s e d  a s  a n  a d j j n d  to  c o n v g n ti ’o n ,a t 
fk p  s u rg e ry  a n d  d e b ri d e m e n t to  f& l  p e ri o d c ~ n f~ l  d e fe c fs . D e m .i n e ra i i z e d . fre e z e  d & d  
b & e  i S  B  c o ti m o n .b $ q ~  & a ft m a fe l i a t $ e d  ft5 r th i s  a p p l k a ti o n , 6 t& r ty p e s  O f b o ri c . ’ 
g ra fti n g  m a t& + i &  i h & .~ d e  a l i c j g & i c  b o n e  m a rro ti  o r I~ o p i i i l i z e d , a l l o g & i ti  ti a rti l a g e  -a n d  
d e m i n e ra k i z k d  b o n e . o f c fe n ti n . A IIo p l a s ti c  m a te ri a l s  s u c h  a s  tri c a ,l c i u rri  p h o s p h a te  a n d  
n o n p o ro ti s  o r p d ro u s  h y d rq y a p & ti fe  a re .a l s o  u s e d  a s  b o n e  .g ra ffi n g  d e v i c e  ‘to  a i d  i n  th e  . 
re p a i r o f p e ri o d & W  d e fe c ts . H y d ro & i a p a ti fe  h a s  & Q  b e e n  e x tra c te d  fro m  a n i m a 1  
s o ~ c @ s  a n d  s @ i z e d  fo i  u s e  a s  a  b o n e  g ra fti n g  d e v i c e  fo r fi ti i n g  p e ri o d o .n i a i  d e fe c ts . 

B M 0 0 2 4 5 6  
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vi MARKETJNC;i HJSTORY 

f :’ 

EMDOGAIW was approved for marketing in Swederi, Denmark, Nonrvay and Finland in 
December 1994, in June 1995, the device received simultaneous marketing approvaf 
in 14 additional countries of the European Economic kjrea (Austria, Befgium, France, 
Germany, Greece, Wolt~~d, lcefand,. h-eland, Italy, Luxemburg, Portugal, Spain, 
Switzeri&nd and UK) and Canada. EMDOGAIN@ is CE-marked in these I f3 European 
countries in accordance with the EC Medical Device Directive. The device has not beert 
$thdraG from qppr&ed status of .mf%i@ting fat: aq reason relating to, the safety and 
effecWenri?ss of.the device. More than 2000 EZMDUGAiN@ units. yere sold in 1995, 
mainly in Sweden and Germany. 

VII ADVERSE EFFECTS OF THE DEVICE~ON HEALTH - . 

. . -Q-E~ following adverse events were observed in c!MA friats ior ESVIDO’GAlN8; 
however, a distinction of adverse events seen du? to EMDOGAlN8 alone could not be 
performed. EIvIIX~GAIN@ is labetled for use only in conjun&on with periodontal 
surgery; hence, inherent> in this procedure are the risks associated with conventional 
periodontal surgery. Gomptications and adverse events r&.te&to.the surgical . 
procedure include the Mowing: p&-operative hemorrhage, Pataesthesia and 

..,$ 
hematoma, ~&XIX%, sloughing of tissye, bleeding, swelling, increased tooth mobility, 
hypersensitive root surfaces (roof sensitivity), paii& infection, wound dehiscence, other 
mucosai reactions and [oosening qf suNres. the adverse events observed in the 
cJinicaJ trials are listed below by the type of event and in the order of s@,~~ri;ty. 

’ Loeat soft tissue reactions: 

&al redness, inflammation, soreness, gingival irrifation, hematoma/echyriosis, or&l 
candibiasis, tissue necrosisforatering, angu!itis, herQes-like bli‘stars, hypaesthesla 
(burr&g and ‘itching reaction on the tongue), orat mucosa.reactjon, fibrin layer; . 
discoloration 

: __. . : 
. +. :‘L&ai toot>th~r.ef&~ &&ions: ‘_ . , ’ 

Increased tooth mobility, hypersensitive root surfaces (root sensitivity), pain 

General re+x$ons: 

U&aria, itching skin reaction, gasfrointestinal disiu?bances, urogenitat disturbances 

BMO02457 
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VIII SUNI~RY OF PRECUNICAL STUDIES 

.A &~RU~IO~OGIC~ STUDIES 

Ail batches of EMDOGAINO and vehicle solution are tested for sterility and pyrogens 
based .on USP 23 procedures, including growth promotion of media.. Media fills, 
personnel rrionitoring and environmental monitoring follow the fSO draft standard 
“Aseptic processing of health care products” (ISOKC 198 WG9). 

B. PRECUNML ANW% STUDIES 

The safety of EMDOGAtN@ hgs been documented in mice, rats, rabbits, dogs, 
monkeys &and-& vitro systems, 

EMDOGAIN@ is a resorbable device and animal studies demonstrated that 
EM~CGAIN@ remains ~&$I the site of appficatiun for at least one w6ek and is 
gradual& absorbed. In a study’using lodine&belied EMD in dijferent vehicle solutions, 
implant@ at the periadontal SW, fhe average total time until S9% of EMDOGAINB was 
r&noved was, calculated to be, 15 days in f? test rats studied’and 8 to 1 I days in two 
pigs. Virtually ail EMDOGAlN’@  deposited in the p&iodontal environtient is~u.tti~nat&y 
digested enzymatic~lly, based on kinstic study,4, an ii-t vitro showing that.EMDOGAlN@ 
is &graded’& prot&@tic enzymes and m&rophages into peptide flagmen& or amino 
acids. Kin&c study 4 also demonstrated that only a small amount of EMDO~GAIW is 
degraded by human gingivai tissue. Two studies using IO rats. in each study, revealed 
that EMDOGAlt\iB:i~ primarily taken up by ti?e liver, Wdneys and thyroid gland. Te.sts 
also showed fha$ IodIn&labeled &XXXA1N@ Was removed from the c&u&ion \vit-hin 
4 rb 24 t‘lours andis eub$Bqflently excreled via ihe kidnqs. Th&oretically, Some 
tindigests+ El+D~GAlN@may be transported away from be periodpntal site. Stiould 

-. a$ .E&lDO&%l@ be FyaiIOWedj $.i;s r$$dl$. digi+++ b3 piote~~‘s pFent in th& 
ga&ointetina$ t&et. ‘. . _,i , 

No’ uptake was detected in fetal kidneys &hen EMf)iOGAlNB was inie&d to pregnant , 

rats, suggesting that no @$DOG.Ai.~ cross&d the placenta. ATthough raditiactivity 
wx detected in tft-e fet&J t&x~es, We distribution was even sxc+t for the thyroid and 
gastric content, suggesting that fhe radioactivfv represented free iodine. 

1~(MO02458 f+ 
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Tox ico lagka l  S tud ies  
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T h e  fo tfo w i n g  t t icobgicaf  s tud ies  w e r e  per fo rmed:  irr i tat ion, a c u te  toxicity, .. 
m u tagenic i ty ,  ch ron ic  toxio i ty a n d  reproduc t ive  toxicity. T h e  i m m u n o fog icaf  s tud ies  
i nc luded  sensi t izat ion assays  a n d  c i rcu lat ing a n tib o d y  studies.  . 

T h e  tox i c rAog ica1  s tud ies  s h o w e d  th a t E M D O G P J M @  d o e s  n o t il l icit a  gene ra l  
tox icofog icaf  respt inse.  In  tox icotog ica!  s tudy 5 , t iTe13 g r o u p s  o f rats, e a c h  wi th 1 0  
fe m a l e s  a n d  1 0  m a k s , w e r e  in jecte d  v ~ $ th  S a tin & , ttie  P G P ; veh ic le  o r  E M p  in  P C ;A . 
Trans ien t  iocat  s w e i R n g  w a s  s e e n  a t th e  in ject ion si tes a fte r  m u l tip l e  s u b c u ta n e o u s  
app l ica t ions  in  th e  test  g r o u p  a n d  P G A  veh ic le  c o n trol g r o u p . T h e  res t&s o f th e  

.G u i n e a  P ig  Max imiza t ion  Test  s h o w e d  n o  ind ica t ion  o f d e l a y e d  c o n tact  hypersensi t iv i ty  
by  E M D O W U  N @ . 

T h e  a c u te  toxkdty  o f E M D O G A IN@  w a s  qva f u a te d . in  IO  ra ts a n d  1 0  m ice a fte i  
i n t ravepuus  .administ rat ior i .  A t th e  h ighes t levels  th a t cou ld  p rac tical ly b e  g iven  in  
th e s e  spec i .es , th e r e  w e r e  r -10  s igns o f acu te  toxicity, n o  d e a ths  or  gross  p a tho log ica l  
c h a n g e s  a n d  n o  se r iou8  c l in ica e ffec ts obse rved . In  th e  acu te  toxicity stud ies  
p e r & m a d  in  m ice, th e  an ima ls  w e r e  in jecte d  w ith  2 0 0  m g  o f E M D O G A IW  pe r  k i log ram 
o f b o d y ’ w e igh t.. T h e  m ice d e m o & r a te d  dec reased  m o to r  ac tivity a n d  dec reased  
r.esp i raW y fre q tiency  fo r  th e  first o n e  ha l f h o u r  a fte r  th e ‘in jectio n ; h o w e v e r , n o  m ice 
d i ed  tift@ r th e  tre a tm e n t. iZ w a s  conc luded  @ a t th e  m i& m u m  le tha l  d & e  exceeds  2 0 0  ( 
m g  o f p ro te in /kg  o f h o - &  w e i g h t. This  d o s e  is a b o u t 4 0 0  to  IW O  tim e s  g r e a te r  th a n  th e  
a m o u n t T V  h a  u -sed  fo r  top ica l  app l i ca tio n  to  to o th  rou fsS n  h u m a n  p a tie n ts. S l igh t i 
behav io ra l  a g d  r ieuro log jca l  s igns w e r e  repo r te d  in  th e  chron ic  tu ticity study  iri 1 8  
d o g s . fh e  d o g s  w e  ye  d iv ided  in to  th r e e  d o s e  g r o u @  a n d  o n e . con tro t g r o u p ; they  w e r e  
a d m i& te .re d  E M D  o n c e  a  w e e k  fo r  3  m o n ths . T h e  behav io ra t a n d  n tiu ro lug ica l  s igns 
w e r e  m o s tly trans ien t. H o % & & , th e r e  w e r e  n o  adve rse  e ffec ts re ta te d  to  E M D U G A ll~ @  
in  any  q f th e  d o s e  g & u p s  in  th r e &  m o n th  in tra v e n o u s  stu p f’is in  ra ts a t e l e v a $ e d  doses , . . 
fn  th r e e  o f th e  rep ro@ + ive s tud ies  per - fanned ,  a  sl ight ly h ighe r  i nc idence  o f embryon i c  * 
bs  asour id  th a tim e  o f imp lan ta tbn  in  th e  h ighes t  d o s e  g r o u p . In  th e s e  studies,  seve re  
fe ta l  d o v e i o p m e n ta f &norr \a l i t jes v ~ o r e  a Is& . rq jor tod fo r k & h  @ @ t- tyeatod.and o o titrot 
g rc#ps,  ‘a tth o u g h  it a p p e a r e d to  m o r e  p r e d o m i n a n t in  th ,e  r r i f id ium a n d  h i gh  d o s e  :. 

L  

g roups . In  o n e  ~ 5 f th e  & J & X , 1 5  rabb i ts w & r &  .$ & d i e d  us ing  o n e  d o s e  a n d  in  th e  o the r  
tw o  studies,  1 5  rabb i ts w e r e  u s e d  In  e a c h  o f th e  Io w , m e d ium a n d  h i g h  d o s e  g r o u p s . 
T h e  i nc idence  o f i nc reased  e tib ryon ic  fess  a n d  severe  fe ta l  d G v l o p m e n ta 1  
a k m a fities,  h o .wever,  w a s  a t t r ibuted to  a  p p b l e m  wi th g e n e fk drift in  th e  b r e e d  o f. 
. rsbbit  u s e d . D a ta  w a .s p r@ v idad  fo r  b o th  o o R trd a n d  test  & $ m a k  in  var ious  studies,  
i n d u d k q  s tud ies  us ing  o the r  test  substances,  th a t’& c u m e n fe S f a  h i@  inci i ; lsnce o f 
seve re  fe ta l  abnorma l i t i es  occur r ing  in  b o th  test  a n d  c o n trof a n i m a fs wi th in  th e  
p a tt icuiar st ra in o f rabbi ts’ u s e d  fFrox&id  rabbi ts) .  

.  I  5 M 0 0 2 4 5 9  
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An&her +qxodu&ve stu& was perfcxmed’in 45 rabbits of a different breed (i 5 rabbits 
. in each dose group), in $ich a higher incidence of eariy embryonic toss was reported 
’ affer implanfatian of EMDDGAfN@ in the higher duse group and to a lesser extent in 

the medium dose group. However, the differen& in the incidence of early embryonic 
loss between the highest do&e group and the medium and low dose groirps was not 
significant. hi addition, the dose given to the medium and high dosa groups was 
several orders of rnzignitude higher t&m the dose that a human patient would be 
expeoted to receive. The re,pro#u&e study performed in rats didnot in&ate a 
teratogenio potenti@ of E&fDdGAtN@ based on compkrative results for other, materials 
and control anim& 

The test results demonstrated that-EMDOGAIM can be safely used in animal* and 
humans. I - 

When chalfer@ed thmugh three months with multiple exposures of high concentrations 
of EM-DDGAt~NQ no clinic@ signs uf hypersensititiity were seen in- any animal species 
and as st&.ted above, and there were no setis’itization reactions in the Guinea Pig 
Maxcmization Test. 

Device validation 

Tqstudie’s totaling 3QO periodon~af sites in 53 monkeys were performed to v&date the 
effectivehess of the device. Effectiveness of the, device was evaluated using the 
monkey dehiscence model from development of the crude enamel mabix td the final 
formulation &4-re devbe.. fn 9 of these studies, a-dehiscence mode! with histological. 
evaluatbn two months after trsatnient was used and in the other ststudy, monkeys with 
natural1.y ocxxqring periocjorttitis .were used and the histological evaluatbn was 
p.erforn)ed six rnc@@ after treatment, mese sflid.jes $swed that- cementuni fo@ing 
W&S may i&x&&~ ph ~~e.~~,rna~r~~ma~ri~~. covering $~&poL.. The. hfi&iogi~al. .. 

:re&.& have shcsvicn that a&iicati~%~ of inifDOGAiN&mnto cI&ned root s&f&&s ~II 
monkeys yieMed adhering cemenfum with extrinsic cotlagen.fibers and assocWed 
~eriodcMa~ tissues (fun&onaf pariodontiurn) covering 60 to 90% of the root. (Vvejolar 
bone associated with the J%&ifc@faI tisgue forms to atmost the same @Sent By 
contrast, uncrjnditbned root sul;faces or root surfaces treated with various vehicle 
%MonS kez@d tith:minim;d formation of cementom and J?O alveolar bone fonittiion. 
The ~egeneratiq of cementurn and a periodontal &t&hment appar;btus, however, have 
not been confirmed in humans. 
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IX SUtiMARY OF CLfNiCAL STUDtES 

CtlNlCAL EVALUATION 

the objective of ths clinical studies of EMDOGAJN@ were to demonstrate that 
ap@icaaWn of EMDOGAINQ during surgery would provide for re$rowth of alveolar 
bone which is associated tith ciinJ$al +&chment g&in. Normatl~, periodontat tissues 
da not regenerate after convenfionat treatment of adutt periodontitis using nonsurgfcat 
or surgikai proceduies suGh as debtidment. CBsedus defects, especially narrow- 3&all 
defects, may remodel through osseous regrowth afier sut’giqal debridement follked by 
optimal plaque control, however, this is generafty not the cxi‘se. A long jun&ionaJ 
ep’tielium generally forms between t& root surface arid soft tissue interface, with no 
evidence of petiodontat tissue or bone regeneration. 

Twa pilot and,four pivotal studies involving over 250 patients undergoing periodontal 
. surgery were conducted to evaluate the safety and eff&t*tseneSs of EMDOGAINO, TJx 

set&ion criteria for these +udies were chosen to allow inclusion of a represent$ive 
sample of adult patients with periqdontal. defect$ eligible for surgery in standard clinical 
practice, The &fe&s treat&l were r&.Ared to have a pr&ing pocket depth of at kast 6 
mm and I- or Z-wail intrabony I&ions with a depth of at’ i&ast 3 mm and a width of 2 
mrq or greater, as measured on by radiography. CXzasionally, patients who did not 
meet the in&&x-~ erkxia of having a probing pocket depth of at feast 6 mm were 
in-eluded. In one sturdy, 3-walJ defects were also alictwed. Sites with furcation 
involvement were excluded in aJ1 of the studies except for clinical study ‘number 4 in 
which mandibular Class ii furcations with horizontal probing defects of 3 mm or greater 
were specifically studied. 

i- 

The results obtained in the Et iDOGAJN@ treated tint2 control sites for the two primary 
efficacy parameters, clinicaf attachment level and radiographic bone gain, from the four 
pivotat studies a++@ sursimarized In Tables 1 aird 2. The data are repo.tied as the 
difference between the clinical measurments taken at b&eJins duri.ng the initial 
operation and the @nit=aJ measurments taken at the d&ignaW fotiowdup periods. For 
the clJni&ai parameters Pf pogk~t ~q@i’@$u&Jo~ and ofinicat attachrqetit gain, the data 
is. aJso.expre&qJ & the per+&t difkr&&e. ‘be&ken the r@suJ&$‘iise stinjical 
prOceduFe alone and treatment with EMODWiN(fP. Radiographic @HN gain is rep&-ted 
as the Ji~ear rrieasurment and as‘ the peroentage of the initai-bbne loss that tias . 
regained, . 

. . . 
The mean age qf aJ1 patients was 48 &ks (range 30 - 73 years) and 51% of the 
patients were women. No precautions were taken to control tobacr=o smoking or 
concomitant ~inebication (other than antibio&s) prescribed for. any acute or chronic 
disease. More th’an half of the patients were s@okers (an average 64% smokers in 
studies where smoking was recorded), and about one tMrb were on regular prescription 

: i, 
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medicines, which is typical for an adult population with chronic periodontitis. However, 
the resulis of.statistical analyses showed that the outcome of the clinical trials was not 
significantly confounded by these factors or by gender or age. 

In the first pilot study, 18 ptitients were treated with EMDOGAIN@ and followed for six 
months. Comparisons were made to histarfca! controls. The second was an 
experim?ntal study in a created defect in one volunteer with histological evaluation 
confirmingthe regeneration of new cementum and p&ic)dontal tissue. However, ‘it mu@ 
be noted.that this stt\Ktjr was performed using a created defect in a healthy site r&her 
than B diseased defecf resulting froin periodoMit@, in which the healing pnxess iFIould 
be m&h different. A. created defect in a healthy stte might be eXp8Ct8d to regenerate 
spontaneously or may respund to the device more ef&%hMy. Hence, the results of this 
study and the results of the histology from the animal studies can not be extrapolated to 
the response-of defec?s in patients with periodontltis. Ciinicai stwdieS3,5 and 6 were 
canfrotleFf investigations studying the use.of EMDOGAiNB in interproxima), intrabony 
defects and clinical 3ud.y 4 was a controlled inves.tIg@on of treatment with . 
EMII)~O~AIN@ in G ia~s fl furca~&.~~s. The control treatment- in all of the studies, except 
for cIi,nical study 6, was. conventional tre@-nent including t4-k Modjfied Widmk Flap 
procsdure with su~rgical debridement. tn clinical sfudy 6, ths’ Cotit-rol treatmsnt included 
qonven-tionzl periodontal surgery in addition to the application of propylene gtycoi 
alginate which is the vehicle sairrtion for EMDOGAINQ. ’ 

(Ill of the studies had up to eight months of f.oSow-up; sfudies 3 and 6 also included a 
threw yerir eiraluation of pat.ients. The clinical studies showed that after treatment witG 
EMDtXAiN@ as an adjvnct to periodor& surgery, ti-~srs was moderate gain in clinical 
attachment and a reduction in probing pocket depths. However, compared to the 
contra! treatments, the c$fference was not always statistically significant, but was 

- always higher far the treatment g.roup. The most notable difference between treatment 
with EMDO~AMB and the cor?trsl treatment uf periodontkl surgery alone was the bone 
regene&in that w2ts m!easur&d radiographicaiiy in treated sites. Radiographic 
exaniheis were t-naked as’ to th& tretiment received. ihere was lit% or no bone gain 
‘iv gMyr~ sites receiving the control .treatment cQmp?relj to. sites treated with 

. E.@XXAItW in tihictj the& was bone gain in. the defect. area. :, :. . . -’ : _. .c- : . 
. 

Radiographic evaluation is a nbninvasive method which attotis assessment of the bone 
regeneration process, Bone fevet measurements ~&se therefore regarded as an 

_ 

important additionaf crit+ria of’ the effectivenes$ of EM~OG&4@ treatment and a 
futiher coiroboration of ifs Clinical relevance. DIf-ferencss between the EMDOGAt Np 
ttsated 8”d control slt@s measured by radiographic bone gain were statisticalfy 
signifi@a$ III ail studies where this was measure&-However, neither clinical probing nor 
radiographk measut@?m$nts@ve any information on the quality of the tissues which 
medi@e the foot surface to soft tissue interface. only htstotogicaf data can differentiate 
batwBsn the types of periodontal healing that occw as a result of treatment. For ethical 
reasons, this type of inVeStigt3tion was not performed. 

BMOO2462 



TABLE I: Attachment Gain &xi Radiographic Bone Gain ,at ‘8 and’? 6 months Post-surgery for EkkK34iN@ 

!g 4 

IL--- 
t? w 

Sty 
NO 

=e 

3 

‘Radiographic Bane Gain 
(mm) 

(range [min., max]) 

Clinical Attachment Gain (mm) 
{range [mini, max]} 

(FoiSiudy4, furcation reduction} 

Pocket Depth Peduction 
0-W 

(range [min., max.jJ 
IMD-OGAIN Control Diff. % cjiff. 0 

@ control 

No. 
of 

pts. 
Design 

15% 4% 
Parilel groups 
I-, 2., and a-waif 
Control: surggery 

‘Split-mouth* 
33s~ II furWon 
Control: surgery 

10 

26 Split-mouth 
I- or 2-waft 

Control: surgery 
5 

SpJit-mouth, 
I- or PWRII 

Zontrot: piacebo j 

,:6.:, 31’ d 
zonti T, C test an patients, r.espectively . 

ii 
7-l~ split mouth cfbsQn incii~stes mat fhe gat,ient serves as h&her own control 

’ Patients with ckepest ba$&ie. pocket exceeding 8 mm 
Cl**)*** p4.05, pc 0.01, and pc O,.OOl, respedtkely , 

Y 
p = 0.01 
Radiographic bone gain can not be measured for furcalion defects 

306 
.- 
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The magnitude of the difference in clinical attachment gain between test and control 
. sites at F months of follow-up was 0.3 mm to 0.6 mm in intrabon$ defects with_ouf 

furcation involvement and 0.9 mm in class, If fUrG3tiDh3. These k&s of improvement 
were maintained over I 6 months. Gain in ciinicaf attachment levels was 4so 
calouiated sis the percentage of the effect of the surgical procedure alone. This varied 
frqn 16% to’40% in intrabony defects and 75% in Ciass II furcations at the 8,month 
assessment and was 35% in intrabony defects after the 16 month evaluation in clin’tcal 
study 6. 

At the 8 m@h assessment, radiographic bone gain for intrabony defects was 0.7 - 
1.2ti or 12 - IS”/, when expressed as a pel”centage of the initial bone toss.- m8 
correspondirig values for.ir@bony defects after ? 6 months were 2.2 mm gain or 31% 
of tbs initial bone loss. Surgev alone did not significantly influence radiographic bone 
gain, as shown &the negative or near zero values fpr the controi sites in TABLE I ; 
hence, the effect of the EMDOGAINB treatment on bone gain could not be expressed 
as a percentage of the effect of <he control prqcedure as was possible for clinical 
atfaS;hmertt gain. 

.To iilustrafe the results on the individual patient level; 16 month follow-up data from 
clini.cal study 6 are given in Fiqure I (Radiographic Bone Gain) and in FicMlre 2 
(Ciinkxl Attachment Gain). Twenty-three test (74%) but no cdntrol sites had a bone 
gain of more than 20% of the initial defect and 18 test and 8 controI,sites (58% ancj 
26%, respectively) had gained more than 2 mm of ctinkal attachment. 

FIG 1: Individual data for Radiograpkk Bone Gain I6 months postsurgery for - 
.’ test and ~:orrtrbl sites in study 6 (n==31).. Data points where there is na bar 
‘are zero or near zero values. 

f-’ 

j . 
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FIG 2: 

,* if 
\ 

individual data for Clinical &%$tment Gain 16 months postsurgery for 
test and wnti-ot sites in st;tudy 6 (n=31). Data points where there is no bar 
are zero or near zero vaiues. 

Long-te.rti clin7icEl data (3 years postsurgery) exist for 92 Batients from clinical studies 3 
and t3 -and are summarized in Table 2. 

. Clinicaf Attachment Gain (mm) 
frailga~ 

: 

26 
+0.08, +?.I: 

T,C test and cuntrof patients, respc :tively 

Pocket Depth Reduction (mm)’ 
E~S4 

3.5 2-3 
-i-l .O, +6.0] [-0.5, +4..5’1 
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The~EMDOGA~N~ treated sites achieved a sustained level of pocket depth reductibn 
+ and dini@ &ac%ment gain, both.@ absofute terms and expressed as the percent 

difference of the vaiues obtained by the surgicai procedure aione. -These results are 
supp~rteci by the radiographic bone gain meastirements, tiioh reveal a, graduaf 
regrowth id afveofar bone over the 3 year period, amounting to over 30% of the inftial 
bone loss in EF&fXWAIN@treated sites. The radiographic bone gain in cliniCal study 6 
over t*kne is ifiustrated in Fioure 3. 

. F IG 3: Radiographic Btqe Gain as a function of time, Study No. 6 . 

EMD [J Ptscsbo 

i%FE-iY EVALtkTlON IN CLINICAL -ijWXs i 
t 

Over Z&3 pa&&s i-we been treated with EMDOGAfN@ in the clinical trial program. 
Resufts &om six din?‘caf sttidies WC@ provided. Several Patients were reported to 
experience wrtitzafl$ ic ~$rious sites on the.body, itchifig s@.n r&a@ibns’, sjraf muco-sa 
rea@otis arid hematoma. One pat.f&t noted a bu$tfrrg and itching setisaiion-m ihe 
torigus, combined i&h iriflati~k&ok of tik angle of the tiotith. fdrigujlitisj.‘ During the 
follow*kq two months postsurge& hwpes4ike bk4ers appeared in -an intermittent 
fashfon for the sama patient. Une patlent experienced urticaria at seireral sites J 
including the arms, chest, bxk, thighs; s&s of the feet and palms of the hands. These 
PatfQnts Advent immunow%q3 and &in &x&s; blood samplris from these patients 
w&e analyzed, but Thor@ was no E.MD reactive Jgf; or fgE antibody formation. There 
may be’ a ooft?fatfor! to g@ Postsur@al antibiotic regimen. However, the possibility 
that t-h&se i+eaHfQns were caused by tre’eatfhent with EMDUGAf N@ can not be n&d out 
at this time. 

I 

. 
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Several of the immunological, antibody studies showed a trend in increased EiVID 
. reactivi, IgE levels dutside of the normal range. In the final analysis of 11 Q patients in 

immunological study nufibet 8, eleven patients were just outside the control range. 
There is concern that a small-number of p&en& may respond to the device by 
exhibiting signs of hypersensitivity after repeated use. fi must be taken into 
considerat.ion that this ljroduct is a foyeign’ protein and afthough atlergic reaction as a 
result of using the device has irat been confirmed, th&re could be potential for the 
device to be immunogenic or~allergenic. 

Based on the immuna@gical studies, the frequencies of antibody ievets outside the 
normal Tanges wer&;$eneralIy not different from those of cahparabie control groups; 
howeve& there were a small number of EMD~GAIW treated patients that had an 
increase in EMD specific IgE. &though the nuinber of patrents was sr+li, the results 
indicate that there may be a potential for a small percentage of patients ta experience 
an immunological response, such as hypersensitivi~ of either the immediate or delayed 
type.. In patiicu’lar, pat@& recetiirrg repeated applica,tion of EMDUGA1N@ in 
conjunction with pe.r*mdohtal stiigery mu& be monitored carefully. The skin prick test to 
EMD both in nonexposed and @e-exposed indjviduals, and the intracutaneous 
clydeAge in o~~upationaify-exposed individuafs revealed that ERTl?J sensitivity does not 
pre-exist. A l3.xinaPi.k skin prick fesf for ssrisitivity to EMDOGAIN@ was petiarmed and 
one patient experienced slight itching on the air-n at a site.ciistant (8 inches) from the 
site of the skin test. The clinician assessed this response as incidental and the patient 
fater raceived treatWent with EM@GAiN@ in conjunct& with periodontal surgery 
without demonstrating pny adverse reactions to the device, . . 

Postmarket,sur\reiIlan~e is being performed by BlgRA AB in Sweden. BQMA has 
initiated a sysiematic coll~ctibn of timplaints aitd adverse experiences by sending a 
questionnaire with ev&y unit sold in Sweden, requesting clinieians~to report subjecttie 
complaints from the p&i,ents.as well as their own objective assessments. AS of 
NUV$Iber]j995i wq of 750 forms WGX~ r@tu.n-+z$ with. i-6 ,.m$tth follow UP data ‘f.rpm. 
E!$lQOGAiN@ .&sated patients, T$n. @atSer$s of these 330 (3%) had tran$ieni’.sw&ing 
without,any inflammatihn (including two patients where the surgical procedure was 
defayed because of photograptis that,w?re taken during surgery), and 8 patients (2%) 
experienced a stinsitive root during the first days postsu,rgsry (typTcalIy found after 
‘intensive instrumentatitin; several of these patients. were treated by the’same dentist). 
No actions or int@Ventions were needed. A tot& of 6 patients (42%) complained about 
pain after su~ery, and twq p&ants‘ received antibiotks for E suspected postsurgical 
infection one week after EMDOGA!~ treatment (no antibiotic regimen had been given 
at the time of surgery). _ : 
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Reports have been received from twelve of the patients (4%) who were treated twice 

- with, &MDDin different quadrants 2-4 weeks apati and from one p&Gent who was treated 
3 .times in a seven week period. None of the patients atJ? muftipfe EMD treatment 
reported any comptaint~s; nor did&e ciinicians rapo? any adverse experiences f.or any 
of these patients. in addition, n6 increased EMD-reactive SgG OF igE values were fotind 
in a sewm sample from the triple+eated patient. in summary, the current p&t 
marketing surveitrance in Sweden indicates a very low incidence of complaints of the 
type often encountered after flap surgery, and no adverse expf#ences have been 
spontaneously reported. 

x CONCLUSlQNS DRAW FRONl THE STUDIES 

As rjiscussed% section VW, the device v&lidation studies in rilookeys, with 
hlstblogical evaluation, have demonstrated the capacity of EMDOGA!NB to support 
regeneration of periodonE+ attachment, in@v%g form&ion d an acellular extrinsic 
fiber cementurn firmly attal=hed to’ the underlying root surface with an associated 
periodontal ligament’ and afveotar.bone. These r&sulk are not achieved by periodontal 
surgery alone. However, the hisfologkal qesufts could not necqsarify be extrapolated 
io thB treatment of diseased periodontal defects in human patients and furth&- studies 
were needed. 

The eontrokxfkfini:caf trials have demanstrated marginal effectiveness and clinical 
utiIib of ERRDUGAI MB The effect of adjunctive periodontal treatment using 
EMDOGAtN~+ assessed by means of ctinical probing parameters and radiographic 
measurements, were within the same magnitude in &II studies. When the adjunclive 
dfec\, of EtiDOGAtN@ was compared to that of the surgical $-ocedure alone, ail 
studies showed statistically signitif;ant improvement in radiographic measurements, 
when ‘the baselkte defects were comparrabfe. When the probing difference between 
tegt and control is expr&sedas a percentage sf that for the Mtidifierj Widmtin Map 
procedure @jh surgical debridem.ent (the contra! treatmerit) ekx~e, the rest&s sbggest 

. fq&xable clinicqf effectiyeness. Howx?yer, whgt.n tirriparing the mean differences in 
n$i@eter$.&$&een tieatment -with Eh@O~~lN@a-nd .t$e &nboi treatm&$ the k6uifs . 
@-non&ate margiriai dinieal &f&%&&s, .With the most signifi&nt finding b&q t&t 
for bone levei gajned in the defest a&a. -ConSistent.radis~~ic boi7e level rest&s 
we% fotind.for ait studies where radiography ~sperforrned, demonstrating a 
c&hence betwe?ti EMDOGAlN@ treatad sites In which there was bone level gain. and 
coritiol sites with Dnchanged bohe teveJ& Radiagraphio bone gain fevefs. at, the’ 8 month _ 

* follow-up in clinica!’ studies 3 and 6 were 1.2 mm pnd 0;9 mm, aild increased to 2.5 mm 
and 2.6 mm 3 years after surgery. . 

Although it was difficult ~to assess the clinical significance of the use of EfWOGAIN@ 
for thetreatment of periodontal defects as compared to ihecontrol treatment based on 
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U-k-s various studies, the data do thaw that the device is effective in providing the 
. ,intended clinical outcome of increased gain in clinica! attachment, r&ductionin pocket 

depth and demonstrai$e bune gain. In general, use of EMDOGAtPJ@ resulted ifi mean 
diinical attachment gain ranging from 2.1 mm to 2.9 mm and pocket depth reduction 
ranging from 1.8 mm.to.4.3 mm. Gain in bone within the defect as assess, 
r~diog&phiceiiy ranged iiforri 0.9 rtq at 8 months,postuperativeiy to 2.6 mm 3 years 
post&per@ively. Compared with baseftne measurements, these gains can be 
considgred clinicaNy relevant. 

RisWBwbefit Statem&nt 

Safe& testing of EMDOGAlN@, with single and repeated exposure in multiple species 
and at elevated doses, has revealed. minimal adverse findings. Other short- and long- 

__ term nonclinical studies, by various routes of administration, support these findings. 
Because EMDW$4lN@ is a foreign protein, it may have a potential for immunotoxicity, 
local irritation or sensitization. Based on animal studies, it does hot pose a mutagenic 
or feratogeflic risk. 

The use of EMDi)~GAl=A11\1@ as an adjunct to periodontal &urgery presents minimal risks; 
however, the benefits -of this device as evaluated by conventional standards is modest, 
The clinical triaf p$o@(arq has shown ‘Ehat most of the !3vKK?GA1N@ treated’defects 
regainad at*&chment !&t to the d&-se as assessed by gain in ciinie~l attachment and 
even more predominantly 6y increase in radiographic bone gain. Therefore, it is 
rea$onabie to conclude that the benefits of, use of thed&e.fur the target population 
outweigh the risk of NnesS or injury when used ds indicated in accordance with the 
directions for use. 

X1 PANEL REC~MMEMDATIONS 

The t)ental Pro&t% P?nel met on February 27, 1996 to discuss this @remarket 
. approval appfic@+ The.Paflel e@ye$sed conqjrq rqarding the pei&nti&l for : .: . . 

sensitizdtion fo the detice a~ a result of r&~etit&j’ use;. Tl-@ &n&t tinclud@d, h&&ever, 
that this rfsk was tow an9 fhe concern couid be addressed @rough Idbelingand a 
po&approM st$y. Therefore* BS a condition of .approval, the Pariel redommendsd 
that a postapproW $u.dy b$ perform&d to ass@ss the pot&tial for %?;ensitization from 
the use of EMDOGAIN@. I _ 

Ttwe was concern by some Panel members that the results did noi adequaieiy 
demonstrate the. cfinicai sigr$fican&e of treatment with this d&ice. HOW!&, the 
majority df the Panel conctuded.~at the resillts for bonti level gain as docgmenteci by 
radiographs was sufficient to establish fhe clinical signifimnce of using the device, 
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There was cmsens#s that ? claim of supe?ority of treatker&with EMDOGAltW when 
r compared to,conventkxiat surgery could not be made b&cause tie type of regeneration. 

ob&ned’with EMDOG~AiN@ wa+ not well documented. In addition, it has not been 
established that regeneration of psriadontal tissue yields better Jong term results than 
conventional surgery which results in epitheiiaf growth along the root surface. There 
were sqme Panel members @ho questioned the clinical relevatice of treatment with this 
device; however, most .Panei members agreed that the d&c8 poses tow risks. 

The Panel v&d 5 to 4 in favor of the approval of this PMA with conditions. These 
conditions inc$uded the folfotiing: 

1. Revised labeling wJ%i a limitsd claim for the use of the device as an 
adjunct to periodontal surgery in patients with moderate to severe 
periodontitis with intrabony pockets’ without furcation lesions; 

2. .A statement in th,e labeling warning that the product has potential 
- for seslsitization and . 

3. . (4 postapproVal study to further assess the .pote.ntial of 
._ E@lD06AIi$@ to cause sensitir+tiofi in a small nymber of patients. 

The Pans! also re@ommended in addition to the studies already performed in animals, 
J-M tha.appkant conduct new studies in an animal model with naturalfy accusing 
perdiodontal defects of infectious eti?bgy, along with subsequent histological anafysis. 
This inform@ian would .provide additional support for the cfaim that the product 
promotes peri.odontal regeneration. 

6DRj-I donciuded that theis was sufficient data to support the indicatioq +or use of 
l+4D~AlN~ as an a@..@ to periodqntai surgery fog top&i app&ation TV the rqot . 
surface tij trgf: 1@Ctibor;iy defects,. n@ aff e.ct8d V&h. fu~~at~~~~,!esior$, th&t:ar& a result of ._ 
-too& support that f-as tieen Idsi b&cautiq of moderdte’or severe p&iodontitis. &%-I . 
also agreed ‘Q%h the Panel that a warning stating the potentiaf for sensitization to 
~EMDC#&N@ be included in the latieting’ and th& a po&approval study. be conducted- 
iri order to further as& the potential for sensitization to the prodrlc;t iti a seJecti?d 
fioputatioii of patients. In addition, the.FDA has concluded that an additional 
postzipp~ovEi~‘StUdy be perforrri@ in Order to further document the ion&term 
eff ectivengss of the device. Evaluation of long-terim effe&Jveness and possJble 
setiilka&n may be dombined within qne study. The data from this study and the 
postapprovaf study evakuating: the potentiai for sensJtization by iepeat use of the device 
should be submitted to the FDA for evaluation upon completion. 
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CDRti‘cormrred with the @x-@&1 D&ice P@nel’k recommendation of Februaj 27, 1986 _ 
and issued an approvabie letter to the U.S. Representative for Biora AB, 00 May T, 
1~36, advising that its PMA was-approvabfe subj?kt to the conditions of approval listed 

below as recommended by the Pknel and-r@quired by FDA 

I. timit the indications for UE$ of EMDOGAiN@ to use as an adjunct 
to periodontaI srugefy fat’ topical application to the-root surface to 
treat infaboky defebts, not affected tith furcation lesions; remove 
the indication for the trsatment of defects affected with furcation 
lesions and remove alf claims of. regeneration;. - . 

I 
2. Conduct and submit the results of a postapproval study to further 

evaluate the potential for sensitization to EMDOGAJN@ in patients * 

“receiving repeated use of the device with two or more months 
between tream.@nts and 

3. Conduct and submit the resulls of 3, postapproval siudy to contirm t 
ff$ long term effectiveness of EMDOCAfN8 for the treatment of 
intrabony period&-$al defects withotlt furcation lesions. 

_- 
CDRH also reqtiired that the applicant modify their labeling to include a warning 
regarding the potential for sensitization to EMDOGAlN@. . 

Directions for use: Se6 the labeling,fAttachment 2) I 
i 

Warn.ings, hazards f 
to health frorri US% 
of the device: See Indic&ons, Gontraind~ic@ons, Wamitigs, Precautions dnd 

I 
I - 

Adverse Events sec~ons in t@.z lableing (Attachme?t 2) I 1 
_’ ..- I _ -. . .: __ i. 

~os~app~oval .’ .: . :. 1 
“Y, . ._ .c _- r : . .- ___ . .E 

requirements and . . 
restrktiqns: See the Approval order (&tachment. f ) 
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EMDOGkw@ is-a resorbable, implantable matmial. It consists of bydr@obic enamel m&x-ix 
pro&m extract& firom de$eJoping embryo& enamel of porcine origin. It k supplied in sterile, 
lyopb&ed form The vehide supplied is aher& aqueo~ solutkm of Prqykm G$wl Alginat~, 
with a suitable viscosity to facifitac application of l?X&XX3ATJ?@ onto foot smikqs exposed 
dtigperiodontal surgery. 

iNT)KZATKWS FORUSE 

EMD W@ is iutended as an adjmct to peciodox& surgerJi far tap&A applicatiun onto . 
expscxi rum surfaces to t3x.t intrabony defects without fQnxtions fesuftiDg from loti of toptb 
support due to moderate or severe periadontitis. 

EA4IDOGAIN@ sh&ild not be used in patients with disorders or conditions i.uAding, but not 
Ii.mited to the follow&g: uncontrolkd di@etes ‘or other uaxxk~lled systemic disease, disorders 
or treatments that co&promise, wound h&g, chronic ‘high dose steroid therapy, bqne metabolic 
di.&ases, r&i&ion or other immune-oppressive therapy and &Sections or vasiular impairment at 
the surgical 2&e. 

.  .  
.a 

.  limwnologicdt. s&dies suggest that a small nu.mber of patients may &come sensitized to 
EhBIK%MN@ ‘& a result of repeafed use. Please use caution in patiegts pre@sposed to 
Sergic reactibp apd follcxpj patients receiving repeated we closely. 

ocmrs only tb the level on the root surfice covered by repositiqxd oral sbft tisiue: 
Therefore, EM%OGAB&3 sbouM be used’on& in areas where there is adequate tissue for 
root c~vwa&. EM‘DoGm@ should be used only after plaque and caIculus has been 
rqnoved from the d&wed sit& 
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PRECAUTICjNS 

. Appmpriate oral hygiene is necessary foF prop& herding to take @ace. Please refer to the 
“Ctical Consideration? section for additional information. 

* PrecMal and radiographic ev@ation should be performed before treatment. 

* It is important to maintain asepsis dutig surgev. f 

Locd redness, infkmxnatio~, soreness, gingival irritation, hematoma&chymosis; oral candid&is, 
time nemosishxatering, angulitis, heqes~tie‘btiters, hypoe&hesia (burnings and itching &action 
oil: the tbngue), oral mucosa reaction, fibrin layer, djScoIoration 

_<’ 

Locaf tooth-related reactions: - 

fncreased tooth mobility, hypersensitive root suflaces (root sensitivity), pain 

Url.ka.ria, $&kg s&in reaction, gastrointestinal distwbakx, urogenital disturbarks . 



Each set of vials (EMDOGmTV&d vefrice so&ion) is intended for use in one patient only. 
EmOGM@ from one set of wiis is sufkient for the treatment of up to three periodontally 
involved teeth. 

PREPAkATION OFEMDOGm@ 

Prepxmtion should be initiatgd approximately 15 minutes before application. 
Until then the via& &mid be stored in a refkigwator (36 - 46°F). 

&move the center of the cap of the vial containing the vehicle soltion. 
s$-inge (3-k@ with sterile ctiula 

Use a stfxik 
(18Gx2”) 

solution through tie rubber stopper. 
and sZowl$ withdraw about I ml of vebide 

, . 
. . 

Remove the center of the cap of the vial containing j!&EXK?AIzN@ and add thk tehicle. 
soh~tion through the rubber stoppw. RoTare the vial a few times to distribtite the so&5x~ 

Wait u~ti?. EMDOGAIN? powder is dissolved by the vehicle saluqion. Do not heat! 

Withdraw the gel sIov3Iy to reduce air entrapment. Change to a &x-t needle ~5th a b1u.m t 
end. , I 

i 
Use the EMDOGm@ vdhin 2 hours of mix&g and discard my rem&&g get 

. . . . 
. ; : : 

’ 

; 

. : 

. . 
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

-: 8. 

CLINICAL PROCEDURE 

The ENIDOGAIN gel is intenckd far use in conjunction with 
periodmta~ surgery: 

f 

Ancsth@ze the area, selected for surgery by block ardor intiftratirin antie&. Avoid 
injection of bcal anesthetic with a vasoconstxictor into @e iatqdental papilla or mar@& 
gingiva 

Make intra-crevic&r incisions. Then, if judged appropriate, make one or two verticat 
releasing in&ions emnding oiit into the ihbktr mucusa. Raise full-thir=kness 
(mtxopetiosteal.) flaps bn the bucml and palaiallhg&surfaces of thy teeth. Pres&-ve as 
much of the gingS conu&ive tissue in the %p as possibIe. Ma&in vi&biBy of 
periodontal ceils by hydmth of @& soft &me with sa$ne. 

CQIy re@.ove the granulation tissue adherent to the akveoku bone and a&y associated 
t3skous1rdefects necessary to provide Nz access and visibm to the root surfaces, 
Remove subgingival plaque and calc&s. Remove remaining smear Iayer by a quick 
~suifzce cleaning (e.g. 15 s with citric or phosphoric acid). R&e thoroughly wi* sterile 
saline. Avoid contamination of the cleaned root surfaces with saliva or bfo-od aftz ‘Ihe 
final rinse. . 

JJmmediatel~ appIy EhJDOG~ ge1 ontd the exposed root surfaces, starting at the most 
apiccal bone level. Apply EMDcj&W to fX& cover the exposed root surface areas- 
Overflow of surplus material during suturing shoufd occur. 

i c 

CoblpIete coverage of the interproxima.I area and opt@-& soft tissue adaptation are 
essential Lf deemed appropriate, a petiosteai fenestratian at the base of the flap may be 
used to f&itate coronaI repositioning df the soft tissue. Sunire materials approptiatte for 
extended stable cIosure is preferred. 

r 
The patient should be advised to t&se daily with an antiseptic mouth rinse (e.g. 0. t-0.2% , 

:: 
ciilorheti+ne solution) until 3-6 weeks pqst-suiger$ &ibiotics may a&o be used if i. 

deetied appropriate ba+ on the &uician’s judgement‘ .- . : . . 
Sutures ‘may be removed when c&&l hea.5.u: of f&js and the root&&t t&u; inte&& . ” 
are stable or when they no ldnger add to the stability of the healing wound, 

The patient shoud be instructed not to brush‘in .the area where snrgery has been 
performti until 6 weeks post-operatively. However, “professional -iooth-deauing” should 
be perfcqmed as Wed. At 5 we&s post sqrge.ry thepat&t is reinstrict& in 
a~propriak tooth cleaning measures, i&~djng-ui@aods for interpvx+naI c’ieaning. 
Fkxxmmedtions for oral hygiene should be based on the need to ma&ain e&ended 

-wound stability. 

c 
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Use ofp&iadontaI devices h bony d&x% should only be petia& by indiv&ils who are 
clinidy i?iim&u with mmnt petiodonti therapy. Improper technique may yielrl s&optimal 
s-es&s. PrecWcal and ra.diogr@phic st~g&I cmhsaticm is impmtiv~. Specjal effort to maintain 
&.epsis during surgery is most import&. TO prevent po$operative infection and to optimize 
healing, the use of an antiseptic rnoutb rinse is recommended for B period of 3 to 6 weeks post- 
surgery. AnGb~otics may be used if deemed appmprkte based cm the nature of the sever@ of the 
diseaseldefect and the clinicians judgeme& 

Since maintenanm. of a stable wound is B critical facror for success, the patient shoi&l be 
instructed nut to brush in tbie area. ~wlxm surgiry has b+xx pe;rformed III&I 6 weeks 
po&peralive~y, However, consistent wit& conventional post-surgical cam the patients should be 

. sub&cted to ‘$mfessional tooth-c&~ as needed. Rectimmendatins for approptite oral 
hygkne measures, including methods for ti?q.mti cleaning, should be based.on the clinician’s 
jbdgemeti, ihe*need for e&ad& wound sta&lity; and the awafeness that regain of clinical 
attachment and almolar bone has been shown to contim& for more thm a year following 
treat.mm with EMDOGm@. 

Clinical studies with EMDOGABW demonstrated clinical attichment gain and interpraz&~~& 
a.h&hc bane gain in patients with’moderate to severe perit$x$i~is and infrabony pockets not 
afXected yith furcatim Iesions. The predon&ate support for USC of EMI>oG&@ for this 
indication was based on the data for bone ga@ determined radiographically. The device is 

. . 

conl.imx%g to be evaluated for ‘long-term effectiveness.. 

The following table presents results from three clinical trials to evaluate the use of 
EMDOGAIN@. The data tie reported as the d?.&rence between the cfinical measurements taken 
at baseline before the i&al operation and ttje clinics measurements takenat ;he desigmtid 
follow-up periods. For the clinical parameters of pocket depth reduction arid cfmicd[ attachent 
gain, the dati are ako express& as the percent difference between the results of the surgical 
prockdure alone and treatment with &4OI)GAIN@. Radiographic~ bone gain is reported as the 
linear measurement and as the percentage of the initial bone loss that was regained, - 

__---. - 
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The split mou@ de&n ji~dicates Ihat bparient serves as hi&m own com~l I 
Patients with de+pest baseliucpock& tmxxding 8 mu 

*, **, +**, fi p< 0.05, pc 0.Q aad.p2 0.001; p=O.OS respectively 
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EMD 

IMMEIXATE’CQNTAINER LABELS FOR VIALS 

. . 

.EMD 

(ISqmel~Matrix ~erivat*lv&, 30 m&id, Sterile) 

cdon: FT&rat taw rcstG& his dcvke to Sal% 
t3ihibuf.ion and-use by ur ordk of a dentist. 

Mwufa&ir~ by tiiORA AR, Mslrn5, Sweden. 
Stomge eonditioas: Keep tcfrigeratcd. 
Batch kh. xXx000, Eq date OO/oO; 

2629 
_ 
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Comparison of 2 Regenerative 
Procedures- Guided Tissue 
Regeneration and Demineralized Freeze- 
Dried Bone Aliogra%--in the Treatment 
of Intrabony Defects: A Clinical 
and Radiographic Study 
A. Parashis.” A. Andranikzzki-Fafdami,’ and K. TsikJakis* 

THE P~.~YXE OF THIS STUDY was to compare cfinktiy and radiographica& the effec- 
tiveness of guided tiss& regeneration (GTR), using a bioabsorbable polylactic acid 
softfiened with citric acid ester barrier and commerciaIIy available demineralized freeze- 
d&d bone allograft (DFDBA) iu the treatment of 2- and j-wall intsabony defects. 
Twelve patieuts each with one treated defect comprised each group. Conservative treat- 
ment was completed 2 to 4 months pdor to s~gery- Clinical measurements, plaque 
index. gingivat index, probing depths (PD), clinical attachment levels (CAL) and reces- 
sion [REQ, were comparable m both groups at baseline. They were repeated at 12 
months. Surgical measurements were also comparable at baseline in both groups. In the 
GTFt group. at baseLine the mean distance between the cemepm-enamel junction (CEJ) 
and base: of the defezzt was 12.3 zk 2.9 mm and in the DF'DBA goup 11.3 zk 1.8 mm. 
The defect depth was 6.3 Z 2.0 mm and 5.4 2 1.3 mm, respectively. Radiographs were 
taken at baseline and 12 months later and ~ompamd using non-standardized digital 
subtraction radiography. In the GTR group, mean PD decreased from 7.9 2 2.5 mm to 
3.S -C 1.4 mm and mean CAL from 10.8 1- 2.8 mm to 7.0 t l-6 mm, the difkrences 
being statistic&y signScant (P G 0.002), while REC increased from 2.9 i 1.2 mm to 
3.5 f 1.1 mm. In the DFDBA group. mean PD decreased from 7.1 zk I.1 mm to 3.5 
t 1,l mm and mean CAL from 9.8 2 1.5 mm to 6.6 t 1.7 mm (P = O-W), while 
REX incrcttsed from 2.8 -C 1.0 mm to 3.1 Z!Z 1.2 mm. No si,gifkcan~ differences were 
found when the clinical results of the 2 grmxps were cornpar& Radiographic differences 
between the baseline and reconstructed images 22 months later were observed in both 
groups. Mean crestal bone resorption was 15.3 t 22.5% in the GTR group and 10.4 t 
31.5% in the DFYXA group, and mean improvement in the distance betu,een the CEJ 
and the base of the defect was 22.8 -C 18.1% in the GTP group and 15.3 C 13.6% in 
the DFDBA group. However, the mean improvement in the inaabony depth was larger 
in the GTR group (71.9 f 29.1%) than in the DFDBA group (35.4 iT 21.6%) (P = 
0.007). in conclusion. within the Limits of &is study, both regenerative procedures were 
beneficial in treating inaabony defects. No statistical significant dif.ferences were ob- 
served between the 2 groups, with rhe exception of radiographic defect resolution which 
was significantly greater in the GTR -group. J Periodontal 2998;69:751-758. 

Key Words: Graft& bone: membranes, artificial; membranes, barrier; guided tissue 
regeneration; pOlylaCtiC acid/therapeutic use; bone, demine&ed; bone, freeze-&ed, 
citric acidkberapeutic USC periodontal diseasesfsurgery; p&o&n& &eases/therapy. 

“Privotc pracric:. Athens, Greece. 
‘Dcpamenc OF Periodontics. School of Dentistry, University of&hens. 
‘D~~~IIIIUX~ of ORf Diagnosis and bdioiogy. 
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tweet the battier and the flap. These advantages greatIy 
improve patient comfort, reduce treatment time, and mitt- 

The reconstruction of tissues lost as a consequence of 
periodontal disease has always been the ultimate purpose 
of pa%.luold therapy. Ova fhc ysars. a uuartel of leech- 

mques and materials have been used to achieve this goal. 
In the. Ias: 20 years histological and cIiiicai studies have 
greatly improved our knowledge regarding regeneration 
of the periodonriurn and much attention has been given 
guided tissue regeneration (GTR). bone grafting, or their 
combination. 

itizc postopcrmiva complictrtions. 
Other studies support the use of bone grafting for treat- 

Various studies have indicated rhat new connective hs- 
sue attachment and new bone can be obtained after se- 
lective repopuIation of the defect with periodontal liga- 
ment cells andfor endosteum of bone -and has resulted in 
the deveIogment of a regenerative treatment modality 
ceIIed GTR.‘-7 The GTR cLinical technique requires the 
placement of a membrane or a barrier covering the os- 
seous defect so that -g.ingival tissue (epithehum and con- 
nective tissue) is not allowed to reach the root surface 
during healing. At the same time, the tnembrane or barrier 
creates the necessary space for the remaining periodontal 
l igament and alveolar bone cells to repopulate the wound 
and to form the new connective tissue attachment and 
bone. Different materials have been developed to ahow 
the appfication of the techniqub in CfinicaI practice. The 
first generation and prototype of these regenerative ma- 
terials was a aouresorbable membrane composed of ex- 
panded polytetrafluoroetbylene (eRTI?I%). Various degrees 
of clinicat success with significant improvement of clin- 
ical parameters and bone forntation have been demon- 
strated in tie treatment of imrabony defectsF3 proving 
the efficacy of the biologic principle of GTR. Some pr~b- 
letns however have been associated with the rise of non- 
resorbable barrier membranes. A second, but stn.aIIer than 
the first, surgical procedure was necessary, usually per- 
formed 4 to 6 weeks after placement for retnovaI of the 
membrane. This, however, created additionaI discomfort 
for the patienr and cotid jeopardize regcnetative healing 
because of nauma or dismrbance of de newly-formed 
.&sue. Fortbetmore, gingival recession v&b exposure of 
the membrane was frequently observed which .led to 
plaque accumulation, itrflammatio~; and pocket formation 
between the gingiva and the metnbrane, creating infection 
contro1 problems and possible negative effects in the re- 
gmlcrativc &on - ** lb RecentIy, bioabsorbable btiero 
have been introduced in clinical practice. HistoIogicaI 
studies ittdica~3 that these devices are effective in fac& 
itatiug regeneration of the periodontal attachment in ani- 
&aW~‘* and dinicd studies suggested comparabIe effi- 
cacy with nonresorbable membranes in improving cfinical, 
parameters in innabony deEct.s.~*-al The advantages‘ of the 
bioabsorbabbz bsirrins, in addition to avoid@ a sr;cood 
surgery. are better handling and adaptation around the 
tooth and over the bone, and integration of the con.nective 
tissue of tie flap with the battier preventing epithelial 
migration. gingivaI recession, and pocket fotmation be- 

ment of inuabony defects.” Autogcnous bone has been 
used with success for a number of years.=>* The main 
disadvantages of autogenous grafts are the limited amount 
of intraoral donor bone and the potential risk for root 
ankylosis and resotptioo when iliac crest gmfts are used” 
AlIografts can be obtained from a tissue bank. ‘Deminet- 
alized freeze-dried bone (IXIX3A) has been used exten-. 
sively in clinical practice based on work which suggests 
that decafcifieation results in enhanced osteogenic activ- 
ity.J* Kistological studies in humans demonstrated sig- 
nificantly more new connective tissue attachemenr, ce- 
mentum, and bone formation in intrabony defects grafted 
with DFDBA than in nongrafted sites-n Clinical stndies 
have indicated that the use of DFDBA in intrabony de- 
fects significantly improves the ciinicd parameters and 
have reported defect fill greater than 50% in rhe.majority 
of sites.2s-3t 

In light of information available. thy cIinician is faced 
with a di lemma when regeneration is indicated as to 
which of the 2 modabties to use for the treatment of in- 
nabony defects The purpose of this clinical study was to 
compare, cLinicaUy and radiographically, the effectiveness 
of GTIR, using a bioabsorbable polylactic acid softened 
with citric acid {PLACA) barrier’ and commemiaIIy avail- 
able DFDBA* in t&e treatment of 2- and 3-wall inrrabouy 
defects. 

&%A- AND NEm[ODS 

Patient arid Site Selection 
The study incbtded 24 patients who were refexxd to the 
private offices of the authors for the treatment of mod- 
erate or advanced adult periodoncitie between 1993 end 
1995. They were al3 he&hy and were not taking pny med- 
ication, They were ptimareIy selected on the basis of hav- 
ing one or more Z- or 3-wall intrabony defects 24 mm 
as evaluated radiographicaUy and constituted all patients 
who received reconstructive therapy during this period. 
During 1993 reconsttuctiv~ surgery was done with the use 
of DFDBA. From 1994, rc~~~~st~uctivc sur~cria wrrii 
done as GTR procedures using a PLACA bioabsorbable 
matix batrier. Thus, the last codsecutive 12 patients. 2ged 
36 to 58 years (6 females, 6 males, 2 smokers) treated 
with GTR and the 12 first consecutive patients aged- 39 
to 61 years (7 females, 5 males, 3 smokers) treated with 
DFDBA fdfilfing the inclusion criteria below were in- 
cluded iu the study. 

:Guidor m&x banicr,G,uidor AB.  Muddingc, Sweden. 
Wniversiry of Florida, Depa&ent Of onhopacdics. Tissue Bank 
Gaimsvillr FL 
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After proper examination.. diagnosis and trcarment 
planning, nonsurgical therapy including oral hygiene in- 
smction, and supra- and subgingivai sding and root 
pIaning under local ancsrbesia was performed. Patienrs, 
who after 3 months presented with excellent oral hygiene. 
residual probing depths a.6 mm, and clinical attachment 
Ievels ~6 mm. were schedukd for periodonral surgery. 
The surgica.I procedure and possible alternatives including 

reconstructive approaches were explained to Ji patients 
prior to surgery and informed consent was obtained. A 
finaI decision to perform reconstructive surgery was made 
during surgery if, after debridement. the inuabony defect 
measured 24 mm. 

Treatment Procedures 
Following local anesthesia, in~acrevicularincisions were 
ma& in an artempt $0 prcxe~ve as mrrcb rissue as possibk 
and full thickness muccperiost&+I flaps were reflected. 
The Raps were extended mesially and distally for maxi- 
mum visibility and access and verricdl releasing Lncisions 
were pfaced nor cfoser than one tooth meskI to the defect 
sire when needed. AlI ganuIation tissue was removed and 
the rcou were scaled and root planed using hand and 
ultrasonic inscmmentatian. No osscou+ reconcouring was 
carried out. The inner site of rhe flap was curetted in order 
to remove granulation tissue and epithelium. When rhe 
deiea had been treated with a .bone ,gmfi. the DFDBA 
was reconstituted with s:erile safme in a sfenle dappen 
c&h. Moist gauze was used to remove any excess Quid 
and ,e was placed in the defect. Small increments of 
DFDBA were added and condensed with an insuumenr 
and moist gauze until the defect was complcrely filled. 
When the defect had been treated with the PMCA bioab- 
sorbable barrier, an appropriate matrix configuration was 
selected and adjusted to cover the defect and at least 2 to 
3 mm of the surrounding bone. The coronal part of the 
barrier was tightened and secured on the rwt with a 
square knot of the preplaced bipabsorbable ligature. The 
flaps were sutured with interdental verticaf matress or 
continoous sling sutures. When complete coverage of the 
barrier or the graft was not feasible. horizontal releasing 
incisions on the periosteum were performed. The sutures 
were removed 2 weeks later. 

The patients were instructed to rinse twice daily for 6 
weeks with a 0.12% solurion of chlorhexidine gluconate 
and to use analgesics when indicated. Systemic antibiotic 
therapy was prescribed (minocyclioe 100 mg X2Iday) for 
a period of ‘8 days, starring the day before surgery. &f-e- 
chanical plaque conuol was nor carried out in the area of 
surgery for 6 weeks; there&er, careful brush&g and in- 

terproximal cle3ning was rcswxied. The paticnrs were seen 
for ex+mination and professionaI supragingival cfeting 
every 3, weeks for the first 2 months and once a month 

for the following I months. Six months postoperatively, 
they were put in a regular maintenance program. Subgin- 
gival instrumentation was not performed in the area for 
at leas 12 months. 

Clinical and Radiographic Assessment 
l%e following clinicai measurements were Performed at 
6 aspects of the tooth using a graded lvorth Carolina peri- 
odontal probe and rounded off to the nearest mm: 1) 
plaque index \-PI);” 2) gingivaI index (GI);33 3) probing 
depth (PD); 4) clinical attachment level (CAL); and 5) 
position of gin&al margin recession (REQ. Mcasure- 
merits were recorded ~knm&iately before surgery and 12 
months poscope+veIy. The folIowing measurements 
were performed during surgery: 1) distance from rhe ce- 
memo-enamel junction (CEJ) to the bone crest (CF.&BC);. 
2.) tiistancc from rbc CEI tv tkc $a~ of rhe defecr (CEJ- 
BD); and 3) distance from the bone crest to the base of 
the defect (BC-BD). The site with the largest QLL value 
at the first measurement was used for further comparison 
and statistical analysis. 

Radiographic examination wa.s carried out Prcopera- 
rively and 12 months Postoperatively. PeriapicaI radio- 
gapI&’ wcte taktn using the parallel technique and hold- 
ers.** Occlnsal stents or other mechanical fixation de- 
vices were not used; huwever, an effort XV& made for borh 
preoperative and postoperative radio.aphs to have a 
close projection geometry and similar optical density. All 
I~diographs were digitized using a CCD-video camera 
with a standard distance between the radiographs a@ &c 
amera, to a resolution of 256 rows of 256 pixels with S 
bits of gray Ievel iesolurion per pixel. fie preoperative 
image of each parient was used as the rcfcrzncc image. 
Each second image was reconstructed according to its ref- 
erence image by the geknetric~standardizatitin software. 
For the alignment of the second image, 4 featured poinrs 
were selcetcd in the reference image. The corresponding 
locations in the second wge were performed by the 
compurer wirh appioximately the same geometric projec- 
tion as those of the first image. in this way. 2 pairs of 
images could be formed for each int@ony &few The 
following linear rneasuremcnts were pcrformcd in both 
preoperative and postoperative radiographs: 1) distance 
from the CEJ to the bone crest 2) distance from the CE.J 
IV I& b&z vf *te defect; and 3) distance from tk bone 
cresr to the base of the defect The measurements were 
repeated 3 times by an investigator who had not partici- 
pated in the ctinicti ueatment and were recorded as num- 
ber of picture elements Qixels). The position- of the CEJ 
was idcntitied as. described by Schei er aI.” Similar to 

‘Kodak Utu~specd; Emsan Kodak. Rochester. NY. 
70 LVp. IO m~s: i3clmont Combcx. DX-907 X-my machine Csaka. 
Japsll. 
*-Itinn Coipora~ion. Cbica& I&. 
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DFDBA G-m z P 

PI OS 2z 0.5 0.4 z 0.5 1.00’ 
Cl 1.1 = 0.5 0.6 r 0.5 0.15’ 
PD <mm) 7.L = 1.1 7.9 z 2.5 0.2 I O.S3’ 
CAL tmlml 9.3 r 15 10.8 ” 2.3 0.76 0.45’ 
REC (mm) 2.9 2 1.0 2.9 i. !.2 0.39 0.70 
CELLBC (mm, 5s z I.3 6.0 = 1.6 0.30 0.77’ 
CEJ-BD (mm) 11.3 f I.S 12.3 f ?.9 0.79 0.43 
EC-8D (mm1 5.4 22 I3 6.3 2 7.0 0.72 0.47’ 

‘Fisher’s ZXPCI ICIL 
‘Mann-Whitney ‘.xt. 

clinicat measures. the most apiCaI extension of an inter- 
proximal restoration. when present, was used instead of 
the CEJ- The most coronal area where the periodonrai 
ligament maintained an even width was idend5ed to mea- 
sure the most apical exrension of the ‘mtrabony defect 
according to the criteria of Rjom et d..‘* The eroSSing of 
t.bc; silhoucttc uf &C al~~oIar crest with the root surface 
was defined as alveolar crest. Percenrage of change (pre- 
operative measurement-postoperative measuremem/pre- 
uperaove measurement X 100) for each of the 3 linear 
measurements for the 24 defects was calculated and used 
for further comparison and sratistical analysis. 

The non-parametric Mann-Whitney and WiIcoxon tests 
were prcfcnred to their paramcaic cquivaicnts (the un- 
paired and paired r-tests, respectively) because the small 
size of the samples made it difficult to check the as- 

stabisticrrl Andy& 
Baseline values in the 2 treatment groups were compared 
using the Mann-Vv’himey test for aJl measurements except 
piaque and gingival indices. Since the latter 2 measure- 
ments took rbe value-s zero or one in ahnosr all patients, 
they were treated as quaLitative data and a.naIyzed using 
Fisher’s exact test (the 2 patients with a value of 2 for GI 
were combined with those having a value of 1 for this 
test). The Mann-Whimey test was also used to compare 
changes from baseline values henueen the 2 groups. The 
significance of changes from baseline within each group 
w.as tested using Wficoxon’s test. P values --CO-US were 
considered significant. 

sumption of normal distributions. F&suits with the r-tests 
were very similar to those reported here. 

RESULTS 
Table 1 summarizes the baseline clinical and surgical 
measurementS for the DFDBA and the GTR group. No 
statistically significant differences were observed between 
rhe 2 patient groups (P > 0.10). In the GTR group the 
mean dismnce bcnveen the CU and base of the defect 
was 12.3 2 2.9 m m  and in the DFDBA group 11.3 t‘ 
1.8 mm. The inuabony component was 6.3 rt 2.0 m m  
and 5.4 z  1.3 mm. respectrvely. 

All sites he&d unevemfully. No cfinicaUy detectable 
or subjectively reported side effects were noted in any 
treated patient. In the GTR group, 7 sites showed intcr- 
proximal gingival recession; in 4 cases it occured in the 
second week and in 3 cases in the third week. Tn these 
cases the bioabsorbab]e barrier disinteglrated after 6 to S 
weeks. exposing a red tissue that was rapidly epithelial- 
ized. Gingivd inflammation was minimal in these sites. 
At I year both PI and GI remained low or improved wicb 
I-CS~~U to tie vPurs detected a~ basetie, indicazing that 
the frequent monitoring and recall was effective. The PI 
and GX were 0.6 f- 0.5 and 03 2 0.5 for the DFDBA 
soup and 0.3 -C 0.5 and 0.2 t 0.4 for the GTR group. 

Table 3 shows the frequency distribution of CAL gains 
rut. the 2 *ups. In rbe DFBA group, 5 sites (41.7%) 
demonstrated a CAL gain of 2 to 3 m m  and 6. sites 
(50.0%) a gain of 4 to 5 m m  A similar number of sites 

A statistically significant treatment effect was observed 
id both groups in terms of PD reduction and CAL gains 
(Wdcoxon tess P = 0.002). In the GTR group, mean PD 
decreased from 7.9 2 2.5 m m  to 3.5 rt 1.4 m m  and mean 
CAL from 1O.g t 2.8 m m  to 7.0 rt 1.6 mm, while REX 
increased from 2.9 C 12 m m  to 3.5 4 1.1 m m  In the 
DFDBA group, mean PD decreased from 7.1 2 1.1 m m  
to 3.5 +- 1.1’ m m  and mean CAL from 9.8 2 1.5 m m  to 
6.6 C 1.7 mm, while REC increased from 28 Z 1.0 m m  
to 3.1 t 1.2 mm. No significant differences were detected 
when tie clinical results of the 2 groups were compared 
(P > 0.05) (Table 2; Fig. I). 

Tabk 7, Comparison of Clink& Mearmcments (mean r SD in mm) between DFDBA and CTR Groups (n = 12 in each group) 

DFDBA G?R 

Mcasurcmcnt PD C.U. FtEc Pt-l CAE. n&c 

Pnop@r~livc 7.1 f I.1 9.8 z i5 2.8 f 1.0 5.9 = 2.5 1O.Y c 5.8 2.9 f: 1.2 
Mcdi, cl9 10 3 7 11 3 
Ran&X 7-12 l-4 6-12 7-n I-5 

Por:opc?a6rc 3.5 z!z 1.1 6.6 2 1.7 3.1 L 1.2 3.3 L 1.4 7.0 = J-6 3.5 z I.3 
Median 3 6 3 3 3 3 
Range 2-6 4-9 2-S 2-6 4-Q 2-S 

cba.ng,c 3.6.E 1.1’ 3.3 2’1.1” 0.3 z 0.9 4.4 ” 1.7. 3.8 ;r 1.8’ 0.5 z 0.7 

. 
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Tabie 3. Ffequeucr Distribution OC CAL Gains at 1 Year 

CAL Gain (mm) Dl=DBA GTR 

<2 8.3% 0% 
2 to 3 dl .?% 41.7% 
4 IO 3 JO.096 50.0% 
26 c% 8.3% 

demonstrated a.CAL gain of 2 to 3 m m  and 4 to 5 m m  
in the GTR group- 

Radiographic differences between the baseline and re- 
constructed images 12 mouths later were observed in both 
groups (Table 4): Slight, but not significant di iTerences 
in mean cresTal bone resorption (CX.J-BC) (15.3 -C 22.5% 
31 the GTR group and 10.4 P 31.8% in rhe DFDBA 
gmup) 3rd mean defect fiU; i.e., improvement in the dis- 
tance between the CEJ and de base of die defect (22.8 
2 18.1% in the GTR group and f5.3 2 13.6% in the 

DFDBA group) were found between -he 2 groups (P > 
0.05). However, rbe mean improvement in the intrabony 
rltzpth. i.a..Jckct rcsolurion was grcz~tcrin rhc CTRgoup 

(71.9 It: 29.1%) than in the DFDBA group (35.4 2 
21.6%) (P = 0.007). 

DXSCUSSlON . 
Regeneration of the fast attachment apparatus is the treat- 
ment of choice for inuabony defects in conrempcrary 
clinical practice. l?ris clinical study evaluated clinical &d 
radiographic, changes in intrahony peri&ontaI defects fol- 
lowing recoristructive surgery comparing GE? using a 
PI&CA bioabsorbable barrier to commercially-available 
DFDBA. OveraH. cfinical heaiinp appeared comparable 
for both treatments. The mean improvement in the CAL 
and the mean reduction in PD were comparable for the 
DFDBA group (3.3 f 1.1 m m  and 3.6 2 1.2 mm)  and 
the CTR group (3.5 t 1.8 m m  and 4.4 -t 1.7 mm). Like- 
wise. the increase in recession was sin&u between 
groups (0.3 T  0.9 mm, 0.6 I 0.7 mm) (Table 2). The 
improvement in the CAL+ and the PD reduction is com- 
parable wirb other studies.‘9-2i~s-31J7 

Rarl iogmphic assessment indicated a slight but. nonti~- 
nificant, difference at mean crestal bone resorption and 
mean defecl fill between the 2 treatments. However, de- 
fecr resolution constituting the result of defecr @.l from 
the bottom of the defect and crestal resorption differed 
signikantly (Table 4). This implies that the insignificant 
differences in cresral resorption and defect fill together 
IEG~IZ~A in significant differences in defect resolution. 

Hard tissue changes evaluation afkrregcnerativether- 
apy requires clinical measurements or radiographic as- 
sessment. Clinical measurements require a second (re-en- 
try) surgery ivhich is usually nor accepted by the patient 
in a private practice se-king. Furthermore, during second 
surgery the new connective tissue attachment may be dis- 
turbed and replaced by a long junctiona epithelium- Ra- 
diographic assessment provides the only ‘non-invasive 
method for evaluating the changes in hard tissue. Con- 
ventional radiography, however. does not regisxer alveolar 
bone Ioss or gain until 30% to 50% of the bone mineral 
is changed>* Foreshortening or elongation of the radio- 
graphs, variations in the contrast and density, and stqm- 

~aphic 
cbznges DFDBA GTR 

(sb) CEJ-BC CEJ-BD RC-BD CU-BC cm”B W  BC-Bti 
I I  t  

-10.4 I 31.8 15.3.2 13.6 3516 r 21.6 -15.3 f 22.5 22:s f 18.1 71.9 z 29.1 
>kCli~ - 3.6 15.5 33.8 -16.9 22.9 81.0 
Rnngc - 1pl.e25.0 . 0.0-50.0 3.8-73.9 -50.0-34.~ -1.3-55.2 21.7-100.0 

‘ILlann-WhlW,’ WS~: srgnlficant Ofncrrnce beovcm the groups (P =  0.001,. 
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imposicjon of anatornki smcmres on the Jesions ex- 
plains rhc lack of sonoicivi~. ThC r~J~JCl11g G3ri iOg~+hS 
do not silow the clinician to detect and quantirate bony 
changes unless a substantiai amount of bone loss or gain 
has occurred. Subtraction radiography” can be used IO 
visudize snail diffe:ences of bone densi~ and bone vol- 
ume bvcr rime. The ima3rs need IO have rtre same opricd 
density and the same projection geometry. Until now me- 
chanical duvices have heen used, to preserve. imaginp ge- 
ometry. Usually occlusaJ stents and sumcrimes cephal- 
ostats are used to stabilize the position, the distance and 
the angulation of rhe patient and the x-say source. These 
methods, however. are not pracicricai far routine evJua- 
tio~x and widespread practice of the technique, especially 
in clinical studies, is still fimited. Recently, a software- 
based mcrhod was dcvelopcd IO ~rfom the r~~o”suu~;- 
lion of an image accordin; to the p,wjection geometry of 
2 reference image thus producing a set [pair) of images 
wjth identical projection geometry.J’-‘9 With this method. 
comparison henveen the preoperative and postoperative 
images could be performed in this srudy w&out the need 
of standardized radiographs. 

Pcrccnut~c of chunzc of mc~ur&cnts rccordcd in pix- 
e!s was evaIuated instead of coa~etting the pixel mea- 
swemeofs inm mm. In the Opkion of the authors, this 
assessment is preferable because, although the 2 images 
are comparable. elongarion or foreshorter&ng results in 
images that are not diectiy comparable with clinical mea- 
surements or radiographic changes expressed in mm. To- 
neni et al.” evaluated .:he abiliq of radiographic mea- 
surements to correctly identify itw extent of preoperative 
bone loss and to detect bone level gains in deep irmabony 
defects following GTR. Analysis of frequencies ‘indicated 
that radiographs correctly e&mated bone levels wtthin 1 
m m  (2 0.5 mm) in 25% of cases: underestimated the 
bone loss in 55%: and overestimated it in 20% of defects 
at pretreatment. Post-treatment agreement within 1 m m  
increased to 47.5%. while under- and overestimation oc- 
curred in 35% and 17.5% of cases. respectively. As au 
average radiographic bone fill underestimated clinical 
bone fill by about 1 mm. 

Bone changes in the preserrr study were comparable 
with findings by other investigations who evaluated bone 
changes by re-entry ~nrgery.‘~a’~**~ Tn these studies. 
crests3 bone resorption. and defect fiB was observed re- 
sulting in a partial resoludon of the defect ranging from 
58% to 78% after use of JXI?3Az9J~ and from 19% to 
73% after use of GTR wirh nonresorbable mem- 
~ranes~‘“O** 

AJI clinical private practice studies are limited by the 
availability of appropriate patients to participate. Twenty- 
four patients, i2 in each group completed this study. ,$ 
larger sample size may have demonsuated statistically 
significznt differences between the Qf;DBA and GTB 
wuups. On r.hc other haa4 privarc pracxicc stdics, wih 

ail the difficuhies encountered. are valuable l?ccmse &IP,Y 
,r;p~~~~cnt chc ac~~ai sating whcrc scrviccs CO our p&cots 
we provided. -4 iarge variability in the response to therapy 
was observed in both groups which may have limited the 
ability to demonstrate differences between them. It Is ev- 
idem from the :irenture-” that factors such as plaque coc- 
trol, sur$cal manipulation and perfection. defect charac- 
te;ristics, adbercnce to postoperative i nsuucrions and care, 
systemic disorders, 2nd smolhg may inRuence the re- 
sponse to re3eneratiVe therapy. Every effort w-as mace irr 
this study to balance those factors in the 2 treatment 
groups, ..~11, patients were healthy and very few were 
smokers. Continuous supervision af oral hygiene and fre- 
quent postoperative visits were provide+ to each patient 
trying to minimize the large variability in plaque conuo1 
SiJity bctwccn thhcm. All proccddu~~~ WCXL: pctformcd by 
2 periodontists who bad at least S years of priva!e prscjce 
experience and were familiar with the regenerative pro- 
cedures. Two- or S-XV&~ defects were chosen because of 
the evidence.” that a better response is observed as rbe 
number of defect w-&s increase. The differences observed 
between this and ocher chnicaI studies may be due. hut 
nor limited to, diifcrcnccs in study dcsigmz, pnticm pop 
ulation. type and depths of defect treated, and Ioc~rion of 
defect measurement. 

Different studies have emphasized the importance of 
wound stability and infection control thoughout the -m- 
mediate posrsurgery period afxer regenerarive therapy, 
with emphasis on exclusion of trauma from oral hygiene 
measures, periodontal dressings, and early suture remov- 
al.” Every effort was made throughour this study to foi- 
low this &inciple. Sutures were removed 2 weeks after 
surgery. no periodontal dressings were applied, and pa- 
tienfs chd nor use mechamcd plaque control for 6 weeks. 
A recent study by Nygaard-Osrby et al.” showed signif- 
icant improvement of PD and CAL and bone fill in inn-a- 
bony defects after gingival flap surgery alone when 
wound stabilization and infeciton control were used, in 
contnst to rmmerous investigations which resulted in only 
modest improvemenls.ij-‘.‘6.a The srrict postoperarive 
protocol a~ well as the design of the PWCA barrier ia 2 
layers that tiows incoIpcrration with the connective tissue 
of the fiap may also e&Ain the minimal recession ob- 
served in the GTR group. Flap recea~+n with exposure 
of the barrier was observed in 7 sires without creating 
any significant problems. The bioabsorbable barrier dis- 
integrated after 6 to 7 weeks. exnosing a red tissue that 
was rapidly epithdializcd. Gin&al inflammation was 
minimal and the ciinie.al healing process progressed tin- 
eventfully. 

Comparable results were obtained with both treatmen! 
except for defect resohrtion. The bioIogic ~~terttid of GTR 
to create neti artachment and new hone has been demon- 
strated by numerous snrdies beyond doubr in controlled 
lJistu1ugicat scud.& Lutil iu ‘mimals and IJum-ans.‘ 7.17 ‘8 
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pkdont& rcgenerariort has also been shown in humans 
fo~ow~g be use of DFDBA:’ wit31 incorporation of the 
F3fc imo the newty forming borne in most of the cases.+ 
ne mechanisms by which DFDBA promotes new artach- 
merAr formation 31e stiU unclear 3s rccenf reports raise rbc 
qves.tion kvhether the commercial. tissue gifts maim& the 
sme characteristics as those assessed in the hisrologic& 
stud&.% Shigeyama et al.5r and Becker et al.‘* demonstrar- 
ed rbar preparations from carnmerciaf %oratories may re- 
sult in loss of activity due TO quamity of proteins as v&I 
as biologic activity of these proteins. Schwartz et ai.” ob- 
tined nFDBA from 6 conmzrcid bone banks ;iod dso 
different lots from tie same bone bank and evahxated these 
preparations for ability to in&, new boue formation, LI+ 
ing an in viva nude mouse modd. They concluded that 
DFDBA preparations differ in both size of particles and 
ability to induce new bone formation; however, particle 
size did not correlate with inductive capacity. A con&d- 
e~ble variation in the ability 06 DFDBA batches to pm- 
mote bone formation was found and even 2 diff&rent batch- 
es from the same source responded dii%erentiy. One batch 
provided mme osteoinductive activity while another ex- 
hibited no activity. Therefore, one could ar,- that the his- 
toIoS;cal he-ding obtained after GTR is superior than that 
obtained a&r use of commcrcid IXIX3A and that the pas- 
itive results observed with DEDT3A may I-VE amibuti 10 
asteocondwive rathes than ostcoinductive capacity. 

h cordusion. w&i.n the &nits of this cl.inicaI study, 
borh regenerative procedures were berieficial for the treat- 
ment of intrabony defects. No stat&& significant dif- 
fernoces were observed between rhe 2 groups witi the 
axwion of radiographic defect resdntion which was 
significantly larger in the GTR moup. 
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A retrospective radiographic 
outcome assessment study of 
intra-bony-defects treated by 

G. Rulger Persson’*a”, Hanne F&K’ 
and Lars Laure’lli*” 
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owsx~s surgery or by bone graft 
procedures 

Ro&~ound: Intru-bony dchcts remain d signiticanl lherap?WC pfoblcm m peri- 
-odor& therapy. Various non-surgicaJ and surgical treatment mods&tics are being 
used. The long-term stability folJowing treatment of mrra-bony defects is poorly 
documen1ed. 
Objccti~rx To assess changes in intra-bony defects after either osseous surgery or 
open Aap debridement in combination with grafting procedures with deminenJJJd 
freeze-dried bone aIMgrafts [DFDBA). 
Method: Prc- and post-suigical computer digit&d images of intra-orai radio- 
graphs from 60 patients who had received periodontal surgery to mana~ intra- 
bony defects were analyzed by linear mca~urcrncnrs. 
Rsults 36 patients wcrc treated with osseous surgery and 24 had received flap 
procedures and grafting with DFDBA. Post-surgical radiographs were obtained 
cm average after 4.8 yeats (SDz2.8) and after 9.6 years (SDt3.6). A minor mean 
bone fill of 0.0 mm (SDrQ.S) fbr ossco~s surgery sites and 0.5 mm (SDzO.9) for 
DFDBA sites. was noticed, but this gain was within the margin of measurement 
errors. Osseous surgery and modJficd Widman Sap procedures with DFDBA rc- 
s~~lred in crestat resorption. on ovcm_ec I .7 mm fSD~l.1) and 1.5 mm (5D~1.5) 

. and remaining mean dsfect depth of 2.0 mm (SDtJ.+J and 2.5 mm (SDtl.6). 
reqectiveJy. 
ConclusJonsr Boric changes following bone graft procedures wirh DFDBA did 
not differ From those following Q;YCOILJ surgery, and neither procedure nsutted in Key *uords: osseous surgery: open lap 
defect rcsoIu~ion wilb bone fiK IL was also concluded thal over tie study period, dchfii~nt: verticet dctecta: rad’qraphs; 
stable rnzatment results were obtained as a resull of both osseous surgery ind 

DFOBA 

modified Widmnn flap procedures with adjunct DFDBA Accepted for publrcation 13 Aprit 1999 

Both non-surgicai and surgical treat- RamFJord et at. 1987. Booker ct 01. 1388, 
met-n modaIitics have been used Lo man- btd-dht et al. 19S8. Kalkwarf et al, 
age pcriodontai disease l.for review, see 1989). Atthough tJJ periodontal therap- 
Pdcanis i1996)). A large number of its rcquirc good oraf hyg,ieae to swxxd 
studies have demonsrrated that wken (RosJing ct al. 1976. AxJsson & Lindhe 
data arc averapd. rherc are only minor 1981. Cortellini et al. 1994). it is pner- 
differences in trcatmcnt outcomes ally be1icve.d that if the treatment rcsulrs 
(Lindhe et al. 19S?. Mador Ed al. 1965. in shallow pockets. it would be easier to 

Osseous~ sursery 6chIuger l949. 
Friedman 1955) was &troduccd as Y 
meilns LO SLW~~. pocket reducGon and 
re-establisbmenr of P bone topography 
that would facilitate oraJ hygiene. 
Guided ~issuc regeneration procedures 

. 
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and bone grafting procedutes have been 
su_egested as alternatives to osseous 
surgery in the managemen of local in- 
tra-b&y defects. Several studies have 
been published in which demineralized 
freete-dried bone aJlosrafts CDFDBA) 
have been used (Quintero et at. 1981, 
Melionig ct al. 1994, Masters et ai. 
1096). 

The long-term stability following 
bone graft treatment of intta-bony dc- 
ferns is. however, poorly documented. 
The principle of guided I%SLX ~gt?nera- 
tjon {GTJX) has been successfully used 
IO manage km-bony defects (for re- 
uic;w. see LnurolI CI. 01: (IWS)). bpc- 
cially deep defects appear IO be suitable 
for GTR treatments. Only a few studies 
have monitored the outcome of GTR- 
treated oitcii beyond one or a few ycrtrs 
(Cortdiini et al. 1994, 1996. Christgau 
et al. 1996, wcigd ef al. 1995, Eickbolz 
et al. 1998). It is therefore not well 
documcntcd whcrhcr this tnntmcnt 
modality is effective on a longer time 
perspective. 

The objecti\- of the present study 
wils to dsocss mdio~raphicafly on n lo- 
cal site basis rhe Song-term ourcomes of 
surg.ical treatment of intra-bony defects 
trcatcd with either osseous surgery or 
by open flap debridemcnt surgical pro- 
cedures using (DFDBA 1. 

Material and Methods 

All available pre- and post-surgical in- 
[m-oral radjographs and records from 
pa:jtnts who had received surgical peri- 
odontal treatment of vertical bone de 
fects in the Graduate ptriodonrics 
Clinic at the University of Washin_rton 
aficr 1970 were reviewed. A total num- 
ber of 60 patient records was available 
from 60 patients who had consistently 
bceo cnrollcd in a supportive care pro- 
gram FolJowinp sur&l trcatmenf of in- 
tra-bony defects. Inlr;l-oral radiographs 
depicting the treated vertical defects 
were available over I&. The radicr- 
graphs had been srandardized by the 
use of paralbting tecbnjque with n ~13-5 
tic film holder (CXP. Rinn Core. Bgin 
iI). in 36 pat&u. in&a-bony defecrs 
had been treated wilh osseous surgery 
IO 24 patient& the defects were treated 
with bone graft procedures using de- 
mincrafied freeze-dried bone allograflr 
(DFDBA). Graduate srudents who par- 
ticipaicd in the pour-do~i~rd <mining 
program in Periodontics at the Univcr- 
.sity of Washington. &attic had per- 
formed all the surgical procedures 

under close supervision by faculry 
members who thcmsclves had received 
their graduate train@ at the University 
of Washinrton, Seattle. fn order to un- 
dergo sur&al periodontal therapy, pa- 
tients mua have met the clinical re- 
quiremeots of good oral hygiene with a 
pre-surgical plaque score <J5% sur- 
faces with visible plaque. .4 review of 
the surgical notes was made to assure 
that ostectomy or significant osteo- 
plastJ procedures had been performed. 
consistent with the principles of osseous 
surgery (Schluger 1939). and that the 
vertical defects inciuded a composite of 

.I-, 2; and 3-~112 dct-car. In rhc cast VI- 
0scuus surgery sob tissue s~~gicat flaps 
were apicilily positioned and sutured 
with continues sling silk sutures lhat 
wrc rcn,ovcd after I week. l-he pri- 
mary objectives of the osseous surgery 
pmcedures were to eliminate any verti- 
cal defect to allow maximum pocket re- 
duction. The modif& W~dman nap 
procedures wvrth bone grafting using 
DFDB.4 were performed primarily at 
sires with combined 2- and 3-wall verti- 
cd bone Icsions and with no OSCO- 
pIasty procedures performed. In the 
case of open-flap dcbridement. the soft 
tissue surgical flaps were reposidoned 
and PISO sutured with c~nrinuas sIing 
silk sutures that were removed after I 
week. 

Afta tbc immediate post-surgical 
follow-up period, the patients were x- 
called for supportive care as needed on 
an individual basis. The supportive care 
included oral hygiene instructions; su- 
pra- and sub-g.in,civaf debridement was 
performed by dental hygienists. The pa- 
tients were re-examined by graduate 
smdents and by supervising exp-eri- 
cnced pcriodontistsiracufty mcmbcrs. 
Full-mouth intra-oral radiographs were 
obtained at baseline and at approxi- 
mately 5 and IO ycz+ after surgery. 

Radiographic evaluation 

For the analysis of the radiographs&n-. 
ear m~aurcmcn~ ~xxc made on com- 
puter-digitized images of the radio- 
graphs using the digital X-ray pro- 
cessing and analysis method by Jeffcoat 
cl nl. (1954). Brief&. the di~~~il-~dkom- 
puter asssembly consisted of a video 
camera (modeME2362A. Javelin Elec- 
tr~nics. Japan). and projection table 
with ~1 stand 10 which the vi&o c~zncru 
was fixed. The intr-a-oral radio_rt@ls 
were placed on a illuminated view-box. 
The oulpur signals from the video im- 

ages were grabbed and sent to a com- 
puter (Gateway 4DXZ-6%. North Si- 
oux City SD, USA) which was equipped 
urith a subtraction radiogra&y pro. 
g-am (Periopro v 3.1 by Jeffcoat, Bir- 
mingham Alabama, USA). The signals 
were processed and made visibfc on a 
television screen flrinitron PVM 
J321Q. Sony Japan). The digirizer sty- 
lus was positioned at the selected rcfcr- 
cnce.5 points on the televisior, screen 
(i.e.. CU and BC). and the cart&an 
coordinates were automatically sent to 
the compulcr a.nd processed. The nsuit- 
ing distances were expressed as pixels. 
a%l in nxn. bescd ~&I Iralibration of the 
setup using. a come&on factor of 22.4. 
The atwslys~s was performed at the Re- 
giona1 Clinic&! Dcnral Research Jm- 
aging Laburaru~y ar the Schook of Den- 
tisrry. The following tinear measure- 
ments were @formed: the distance 
from CEJ (cemento-enamel junction) or 
a rckrencc point (margin of tlgntaf rc- 
toration) to the apex of the root (RL); 
the distance from CEJ to bone crest 
iBCk the distance from CEJ to the bot- 
horn or rhc bwx Iuiois (hBL), 11~ Jis- 
tance from BC to bottom of defect. i.e., 
the radiographic depth of tlx defect 
m-3 

Mcasurc~noncs wcrc cxprcsd in pix- 
ek, in mm and as the % of the root 
I-ngth. The assessmecx of bone fill was 
calculated by subtracting ABL values 
oblained al the follow-up radiographs 
from the baseline &ues. Defect resol- 
ution %;ls obtained by comparing the 
pm- and post-surgical IBD vatnes. The 
distance between CEJ and BC was 
mcasnred to assess rhe amount of 
cmstal resorp1ion. 

The average of 2 measurements VJX 
nscd for data analysis. Tbc same cali- 
brated examiner tHF) (FaJk Ed al. IY9?) 
examined all the radiographs..The dis- 
tortion between sets of radiographs wds 
compencated for by cxalcrrlarion of the 
ratios of root lco_eth from baseline and 
follow-up radiographs- This ratio was 
use to cornd post-treatment linear 
~CI~SU~~C~LS of boric changes fToncni 
ee at. 1993, Falk et at. ‘f997). . 

Descriptive data were presented as 
mean values and standard de&lion. 
Both paired ~-test and ANOVA were 
used LO srudy diffcrc*~ocl. ..*va Lime. 
Sratisticaf siynificancc was dectarcd if 
thep-value was 6’0.05. TheSupcrANO- 
VA compu~cr s~at~stic;i) packas was 
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(1~24) 7AZ2.3 l 6.9-r2.3 0.5SJ.Y 4.52 1.9’” 2.5zl.6 1.9X1.6 

ABL=CEI to bpttom OC dekct; IBD=Crcs% CO bottom OF delccr: 8s.=not signifiutnc l <0.05: **. ptO.OOf. 
I.5213 

used for data analysis (Abacus Con- come berwcn osseous surgery and sur- 
ceprs Inc.. Berkelp CA. USA). geries including graftirg with DFDBA. 

Results 

The average time intervais &erween 
baseline and the first follow-up was 4.8 
years (Slk2.8) and included 60 pa- 
tients. A 2nd XL of follow-up radio- 
graphs was aviilable for 39 of the pa- 
tients, on average, 9.7 years (SDz3.6) 
after the iaitiat procedures. 

The correlation coeficient between 
repeared measurements as assessed by 
simple regression analysis was 0.95 and 
con%sent with results pubIished pre- 
viously (Falk et al. 1997). Inter-examiner 
errors cxpresscd as the SD of dif&ence 
belween measurements amounted to 0.5 
mm for ABL a.nd to 0.7 mm 1.0~ &ID 
measuremenrs. The correspondinp, in- 
lra-examiner errors wereV. for the AB L 
readin_es and 0.5 mm for the IBD read- 
ings. The mean difference in mot ien& 
bciwecn sets of mcasumments was 0.3 
mm (SD= I. I). T’be ratio berween differ- 
ent sets of radiographs averaged 1.0 
1SD”U.I). 

A sign&ant defect resolutiofi had 
occurred and indcpcndenr of the type 
of surgical procedure. As theti was no 
significant boric fdi, the defect mol- 
ution -2s attributed LO resorption or 
elimination or rbe intra-proximal bone 
crest. On average. this crestal resorption 
amounrd lo 1.8 mm (SD-C 1.3) for the 
entire sntdy population. A mean re- 
siduai verdcai defect depth of 2.0 mm 
(SD?1.4) and 1.5 mm (SDrl.6) was 
found following osseous surgery and 
the open flap and DFDBA graf,t pro- 
cedure. respecrively. The. difference in 
residual defect between treatment mod- 
alitics UC% -smistica11y sigtificanr 
@<O.V5). However, the difference was 
wnhin the mar&in of measurement 
errors and therefore not relevant. 

fhc IO-year follow-up data indicated 
that no additiona chanss in ABL. 
IBD. or crestal nsorplion had occurred 
(Tabtc 2). Thus. the initiat rcsutts rc- 
mained stable thtoughoril the obser- 
vation pried and independent of pm- 
cechxc used. 

The results at tbe first post-operative 
assessment are presented in Table 1. In 
the osseous surgery group, a small 
amnonr of bone RI1 was found aver- 
asing 03 mm (SDtO.9). The extent of 
bone gain was not statkic~iiy signif% 
cant (pO.05). In the .bone graft group, 
a small and signiticant bone till was ob- 
tained averaging 0.5 mm. SDz0.9. 
pCO.OSJ. However. the extenl of bone 
fill was within &he rang of measure- 
ment errors fSD~0.5 mm.for dupllca~e 
mcmmmenrs). Thus. there were no 
clinically significant differences in OII~- 

Discussion 

lntra-oral radiographs as usrrd in the 
present study most likely undere.stimare 
the extent and depth of inrra-bony dc- 
fects (Tonetti et al. 1993. Falk et-al; 
1997, Eickhob et a! 199s a, b). Yet. 
many studies have employ& radio- 
graphic merhods to assess the outcome 
of periodontal surcerv (Rosiing ct al. 
1976. I’olson & H&l 1978. Tonetti et al. 
1993. Christgau et al. 1996. Falk et al. 
1997. Eickholz et a1 1996 a). Ia the pres- 

em study, measurement errors may exist 
due to radiographs that \~crc not stan- 
dardized by the use of stems but only 
standardized by using Rinn holders. 
Errors introduced by geometric.distor- 
rion, and rhrocgh observer variability 
must be recognized when changes in 
bone values over rime are compared. 
Ho-r. any erratic effect introduced 
by the lack of strict’ standardization 
should not dislinguisb between one oro- 
cedurc or time-point over another pro- 
ccdure or rime-point. The study was 
also limited by the retrospective ap- 
proacb in that the time berwcen pre-sur- 
@aI and post-surrical radiographs 
varied between sub&s. none being 
rbortcr than 3.S years. However. it can 
welf be assumed that any cfftxl accom- 
plished by the surgical procedures in 
terms of additional bone loss or bone 
fill would have occurred within the 1st 
2 yaws after rreafmcol (.Brag~er et al. 
1992). The hollow-up lime should there- 
fott be suf&ient IO allow thrr the meas- 
umnenl of the surgical procedures per- 
formed had been shawl, to be successCul 
in preventing further loss of bone. 

I%& pnvalenee of vertical defects in- 
cluding aI vertical defects in an adult 
population may be as high as 61%. and 
with 30% of subjects having loal Verdi- 
cai defects 33.0 mm lPersson CI ai. 
1998, Soikkonen et al. 1998). Thus. 
there is an obvious need ror a trcatmem 
that predictably allows successful man- 
a-gement ot periodontal inter-proximiil 
bono lesions. 

Surgicat ucatmenl aitcrnatives for 
inter-proximal periodontal bone lesions 
include various rypes of open Rap de- 
bridemcnt. including the modified Wid- 
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man flap procedure in which no 
attempt is made to remove bone. 
Rather. tbt defect: arc dcbrided and 
Raps an rcpasnroned. Usseous surpxy 
was introduced as a means to assure 
‘pocket reduction and rc-estabiishmtnt 
of a bone topography that wou)d en- 
hance .rhc method of .oral hygiene 
(SchIu8cr 1949, Friedman 1955). In the 
pnwmr study, tht most apical portioo 
of the bone defects appeared to remain 
srabk. Thus, n” fu1tI~ Iv>, us ljniu vf’ 
bone was obtained. However, approxi- 
mately 2 mm of crestal bone was lost as 
a resus~ of either the ostroplascy prn- 
cedurc. Ihc surgita~ rnuma per se. or 
an ongoing discasc process. Because 
measurements of the crestal bone lev& 
from radiographs are fairly reliable, the 
men:, 103% of 1.6 mm mu=, bc oon- 
sidzrtd confirmed. The investigators rc- 
vicwcd the surgicql records to assess the 
extent of ostectomy. The records indi- 
cated that the extent of ostectomy was’ 
defined by anatomical consideration. 
Thui complete climinalion of vertical 
defects were at times not performed in 
order not IO compromise remaining 
tooth support for the tooth involved or 
a nd&boring tooth. This may to some 
extent cxpkin why residual crater dc- 
fects remained after trez~tment. 

Crestal resorption is a common cf- 
kc! af osss~us rc-conrourm& (Mogh- 
addas & Stahl 1980). but may also oc- 
cur a&r modified Widman Asp pro- 
cedure (Poison Q Hcijl 1978. Bragger 
el al 1997). Fronm et aI. (1962) re- 
ported. that foilowing open debride- 
merit procedures, crestal resorption a~- 
eragcd 4.8 mm and with an average 
bone fill of I.? mm. The absenrc of 
measurable changes in the apical pot- 
Liot) a3 noticed in the present study 
suggests SucCeSSfib arrest 07 disease. A 
residual defti depth of approximately 
2 mm foJJowing the usseous surgeq 
proccdurc, also imp& that compktc 
defect elimination %ts DOI achiavd. 
However. a remaining intra-bony. de- 
fect of 2 mm indicates a potential re 
sidual probing depth of 45 mm (as. 
sumin_r a normal ~ingiwl contour). 
whKh wou!d be mana8cabIe by nor- 
mal oral hygiene mcasum. 

An altcrnarive treatment IO s&en 
pocket redthan is guided tissue m- 
generation therapy. A r&t fitemtnrr: 
re~~cw (Laurcli et at. 1986) showed sig- 
aificant pocket reducrion follo\pjns 
GTR, mainly due to bone fill in can. 
trast to the present study that faiJed to 
show bone fiJ1. The amount of bone fill. 

howver. varies between subjects in each 
study as well as between studies. Only a 
few studies have monitored the ouc- 
came of G3R treated sites beyond one 
Or a few years (Correllini et al. 1994, 
1996. Weigcl ct al. 1995. Christgau et 
d. 1996. Eickhob et &I998 a.b). It is 
obvious from a “ry large numfm of 
studies that apprn&nte oral hygiene is 
a pn-requisite for a successful and 
stable outcome or periodontal therapy. 
111 cite ~mssat smdy, rhc j~-surgi~ kc- 
quirement of a plaque score of Icss than 
15% suggesi that patients studied wcrc 
complient. The fact that they regularly 
had attended the supportive wrc pro- 
gram over a IO-year period further sug- 
gcsts fhat these patients maintained a 
level of ora! hygiene that could be cun- 
cistern with prc-svrpical requiremmrr. 
However, it should be pointed out that 
adjunct use of chJorh&dine mouth- 
rinse was ntver available to the patients. 

In summary. the results of the pres- 
mt study suggest that the use of 
DFDBA in conjunction with surgical 
trcatmcrtl of in&a-bony defects, did 
not enhance the outcome in terms of 
radiographically detectable bone fill as 
compared w&h osseous swgcry. Both 
treatments resulted in some loss of 
crestal bone height but no further loss 
at the base of the vertical defect. Fur- 
thumorc, long-term stable condirions 
with no further detectable bone loss 
were obtdined. 

instalc Rcs~rotion. im Durchschnitt 1.7 mm 
(SD2tl.l) und f.5 mm <SD= 1.5) und l in.. 
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Gregory A. Toback, * M ichaef A. Brunsvold,~ Pirkka V. Nummikoski,? Lisa B. Ma.sters,t 
James T. Meffonig, 7 and David L. Cochrant 

Background: The study of regenerative therapy in the periodontal intrabony defect has relied upon surgi- 
cal re-entry as the gofd standard of outcome assessment. The search for a non-invasive method has led to 
the application of various radiographic techniques in evafuating post-treatment bone fill. 

Methods: The purpose of this study waS to determine the ability of 2 forms of radiographic analyses (fin- 
ear measurement and computer assisted densitometric image anafysis, CADIA) to assess postsurgical bone 
fill as measured at a re-entry procedure. A method that incorporates linear measurements and CADfA (linear- 
CADIA) was developed and tested as well. Forty-five intrabony defects in 15 patients were treated with 
open flap debridement, demineralized freeze-dried bone affograft (DFDBA), or a combination of DFDBA 
and tetracycline. Standardized radiographs were obtained at baseline and at l-year postsurgery. 

Results: A 12-month surgical re-entry provided clinical measurements for post-treatment bone fill. Ail 
radiographs were digitally scanned and analyzed on a computer. Fifty-three percent of the defects were 
excluded from the study due to poor standardization or poor defect quality. Forty percent of all pairs of radio- 
graphs were judged to have poor standardization. in the first analysis, standardized images were subtracted 
and quantitatively analyzed utilizing CAD& It was found that CADfA had the highest correlation with clini- 
cal bone fill when a region of interest (ROI) was examined in the middle portion of the defect. This quantita- 
tive evaluation provided very little clinically relevant information regarding actual bone fill. For the second 
analysis, pre- and past-treatment finear radiographic measurements were obtained. in only 43% of the sites, 
did finear radiographic measurements determine post-treatment bone fill within 1 .O mm of the clinical mea- 
surements. Overall, linear measurements underestimated bane fill by O-96 mm (21.2). These differences 
were statistically significant (paired Student t-test, P= 0.0023). A method, which incorporates the use of 
both CADIA and linear radiographic measurements (linear-CADfA), was tested. The linear-CADIA method 
underestimated bone fill by 0.26 mm f&1.4), but tttese differences were not statistically significant (paired 
Student t-test, P = 0.4 I ). 

Conclusion: Linear radiographic measurements significantly underestimate post-treatment bone fill when 
compared to re-entry data. The linear-CADfA method provided the highest level of accuracy of the 3 methods 
tested. This study also emphasizes the importance of developing a consistent method of radiographic stan- 
dardization, J Periodontool 1999;70:1479-1489. 

KEY WORDS 
Bone regeneration; periodontal diseases/therapy;’ outcome assessment; comparison studies; 
radiography, dental, methods; follow up  studies. 
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he goal of periodontal regenerative therapy is to 
replace bone, cementum, and periodontal liga- 
ment on a previously diseased root surface, 

which has suffered the loss of these supporting struc- 
tures.’ Only histologic evaluation of the treated 
regions could demonstrate the success in obtaining 
these goals. Because there are obvious limitations to 
obtaining histology in large-scale clinical studies, alter- 
native methods of determining treatment outcome must 
be utilized. 

The gold standard of evaluation for most clinical 
regenerative studies “over the past 20 years has been 
the 6- to 12-month surgical re-entry procedure. The 
advantage of this technique is that it provides the most 
definitive information regarding hard tissue response 
to therapy. The difficulty with recruiting patients for 
clinical studies involving a re-entry procedure is per- 
haps one of the greatest limitations with this form of 
analysis. Although there are studies supporting the 
safety of re-entry procedures,2T3 there remains a seri- 
ous question regarding the effects of the re-entry pro- 
cedure upon the healing defect site. The normal 
sequence of crestai resorption resulting from flap 
reflection has been reported,4 but very little is known 
about the possible effects on the immature graft site. 

Clinical soft tissue measurements have played a 
critical role in the evaluation of regenerative proce- 
dures. The advantage to this technique is that it pro- 
vides clinically important information regarding 
probing depth reduction and relative gains in attach- 
ment levets.5 Soft tissue measurements do not pro- 
vide any information regarding the hard tissue 
response to therapy. In addition, inftammation,6-9 
probing force,‘O probe angulation,” and many other 
factors make probing soft tissue measurements 
highly susceptible to inaccuracy.‘],** Some studies 
have included probing bone levels in order to provide 
information on relative bone changes after ther- 
apy.‘3“5 This method may improve probing mea- 
surements .when attempting to identify clinical bone 
ievets after surgery.j6 

Radiographic analysis has played an important 
rote in determining treatment outcome because it 
offers the only non-invasive method of evaluating 
the hard tissue response to therapy. Afthough the 
limitation of radiographic analyses has been welt 
described,17m20 several techniques have been 
derived to assess Iongitudinal bone Joss.2’-25 Some 
of these methods have been applied to the assess- 
ment of regenerative therapy.zs-39 Linear radio- 

graphic measurements provide a one-dimensional 
perspective for evaluating bone height changes in 
the defect area. Computer assisted techniques have 
been proposed by some authors to improve the abjl- 
ity to detect the alveolar bone Ievet.23,24 Although 

there is limited in vivo validation of this technique, 
linear measurements have been applied to the 
assessment of regenerative therapy by some 
authors.26*28,33-35*37,3g Tonetti and co-workers4* 
evaluated the accuracy of linear radiographic mea- 
surements to assess pretreatment bone levels and 
post-therapy bone fill. When compared with 
12-month re-entry bone measurements, this study 
found that linear radiographic analysis significantly 
underestimated pretreatment bone loss, as well as 
post-treatment bone fill. 

A more objective method of radiographic analysis 
utilized for assessing regenerative outcomes has been 
subtraction radiography.26 Although subtraction 
images can be color enhanced with software pro- 
grams, this type of analysis is strictly qualitative in 
nature and no conclusions regarding the degree of 
change can be made. Computer assisted densitomet- 
ric image analysis (CADIA) is one form of subtraction 
radiography, which allows the investigator to quantify 
changes by comparing the radiographic density in a 
predetermined region of interest (Rot) between base- 
line and follow-up radiographs.25 In vitro studies have 
demonstrated the ability of CADIA to detect changes 
in bone volume.25 CADlA has also demonstrated 
superior sensitivity in detecting surgicafly created 
bone loss when compared to conventional radio- 
graphic interpretation or qualitative subtraction analy- 
s&.41*42 Unfortunately, the in viva application of this 
technique to evaluate regenerative outcomes has 
been less precise. There are a number of studies 
which have concluded that CADIA has not correlated 
with clinical bone-fill measured at a re-entry proce- 
dure 30,31,36,43-45 

When studying regenerative therapy, it is impor- 
tant to utilize an acceptable and safe tool for evalua- 
tion that provides accurate information regarding the 
response to treatment. Considering the limitations of 
histologic evaluation, re-entry procedures, and soft 
tissue probing, it is clear that radiographic methods 
provide a potentially valid form of analysis. 
Unfortunately, limited data are available vaiidating 
the use of radiographic methods in determining the 
results of regenerative therapy. Specificafly, there is a 
paucity of literature that has compared radiographic 
methods with real bone changes measured at a re- 
entry procedure. 

Therefore, the aim of this study was to determine 
the ability of 2 forms of radiographic analyses (linear 
measurements and CADIA) to assess postsurgical 
bone fill as measured at a r-e-entry procedure. 
Another goal was to examine the methods by which 
CADIA has been applied to the evaluation of regener- 
ation, and to test an afternative approach to the uti- 
lization of this system. 



In this study, the clinical and radiographic 
data from 15 subjects who participated in 
a study examining the effects of tetracy- 
cline on regeneration were utilized.30 
Individuals were between the ages of 35 
and 61 years of age and had 3 separate 
tooth sites with interproximal probing 
depths measuring >5 mm after initial ther- 
apy. Sites were randomly assigned to 1 of 
3 treatment groups: demineralized freeze 
dried bone allograft with the addition of 
50 mg of tetracycline in. 1 .O ml saline 
(DFDBA + TCY), DFDBA alone, and open 
flap debridement (OFD). The specific 
details regarding this study’s materials and 
methods, as well as its conclusions have 
been previously reported.30 

Figure I. 

The osseous defects were measured dur- 
ing the surgery from a fixed reference point 
(the cemento-enamel junction [CEJ] or the 
base of an existing restoratjon) to the base 
of the defect [CEJ-BD]). Measurements 
were recorded to the nearest millimeter. 
Sites were allowed to heal for 12 months. 
9t that time, a re-entry procedure was con- 
ducted to repeat the identical hard tissue 
measurements. 

The subtraction image dcrnonstrotcs that the pair ofrod~ographs had “good” 
stondardtzotlon. There is odcquatc superimposrt~on ofrestorations, pulp chumben, 
sod cone/s. 

Standardized radiographs were taken at 
baseline (preceding surgery) and just prior 
to the 12-month re-entry procedure. These 
radiographs were vertical bite-wings taken 
on Ultraspeed #2 size intraoral film in a con- 
ventional film holding bite-block.5 The radio- 
graph was standardized by stabilizing the 
patient’s head in a cephalometric head posi- 
tioner, and the film was exposed using an 
extended geometry described by 3effcoat.46 
The radiographic images were converted to 
640 x 480 pixel digital images with a cali- 
brated CCD vjdeo camerafl interfaced with a 
framegrabber. After the baseline radiograph 
was digitized and saved in the computer, the 
follow-up radiograph was aiigned with the 
baseline image using a real-time subtraction 
program. 

Figure 2. 
The subtraction /mcge demonstrates thot the port- of radiographs hod “poor” 
sturxkrdization The onutomy of the teeth ond restorations are not aligned. 

All radiographic analysis was performed using a 
software package called computer assisted radio- evaluated by an experienced radiologist. A subjec- 
graphic evaluation (CARE). Correction of different tive grading scale ranging from good to poor was 
exposure and/or developing conditions between the developed to describe how well the images were 
2 radiographs was performed by a non-linear his- standardized (Figs. 1 and 2). The vaIue for back- 
togram equalization algorithm.47 The baseline and 
follow-up images were subtracted and the image 5 Eastman Kodak Company, Rochester, NY. 

noise was measured. 
Ij Dage-MT1 Inc.. Michigan City, IN. 
lj Imaging Technology Incorporated, Wobwn. MA. 

All sets of radjographs from the 15 subjects were 
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ground noise was utilized as a guide for valuation, 
but was not the sole factor in grading the standard- 
ization. The defects were also graded according to 
the quality of their radiographic appearance. A 
defect which was radiographically well defined and 
appeared to be confined to the straight interproxi- 
mat area, was graded as being “good” quality 
(Fig. 3). If the defect was welt defined in only some 
areas, then it was graded as “fair.” But if the.defect 
could not be discerned radiographically and lacked 
any cfear suggestion of its morphology, then the 
defect was graded as “poor” (Fig. 4). At the conctu- 
sion of this evaluation procedure, any defect which 
had a standardization score of poor (7 to 9) or a 
qualjty grade of poor was excluded from the rest of 
the study. 

CADIA 
CADIA was utilized to evaluate each of the remain- 
ing pairs of radiographs. By setting the threshold to 
twice the standard deviation of background. image 
noise, a 95% confidence level was setected.48v4g A 
standardized region of interest (ROI), which corre- 
sponded to 0.8 mm per side of the square, was used 

hs site wus graded us hoving ‘kood” radographic defect 
quolrty. The d&t IS located mterproxtrnally and is well 
defined. 

to analyze the density changes in different sites. 
Four ROls were selected for each of the defects 
(Fjgs. 5 and 6). The first ROI was placed in the most 
apical portion of the defect that could be visualized. 
The ROI was not superimposed on any portion of the 
tooth surface and all attempts were made to confine 
the box completely within the defect. The second 
ROI was placed approximately half way between the 
base of the defect and the alveolar crest. The third 
ROi was placed just below the alveolar crest,in the 
lateral extent of the defect. The fourth ROI was con- 
sidered a control region and was placed at a distant 
site that would not be expected to demonstrate 
changes in radiographic density. Changes in bone 
density at each of the areas of interest were com- 
pared with the clinical measurements of bone fill 
obtained at the re-entry procedure. 

Linear Radiographic Measurements 
Radiographic images were displayed on a 15 inch 
monitor. The images were magnified approximately 
4.5 times the original film size. The CARE software 
program contains a very simple feature which allows 
linear measurements to be made with a computer- 
ized ruler (Fig. 7). The distances are converted from 
pixel values to miilimeter measurements. 

Two periodontists and 2 third-year periodontal 
residents performed linear measurements on the 
baseline and l-year foiiow-up radiographs. The 

7%;~ SEC wus graded as having *‘poor” radlographrc defect quality The 
dcfea is not well defined.Although the srte tws a clinically substamal 
interproximal defect, the morphology cannot be dtscerned on the 
rudiogrfqh 
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Figure 5. 
There was a wbstantiu/ defect on the CfiStCJf aspect of this mobr lhot W(IS grufied W&I DFDBA.The 
follow-up radiograph was taken just prior to the I Z-month re-entry procedure. 

measurements were made from a fixed reference 
point, which was usually the radiographic cemento- 
enamel-junction (rCEJ), to the radiographic base of 
.he defect (rBOD). If a restoration was present, the 
base of the restoration was utilized as the fixed refer- 

ence point. The examiners were 
blinded to the type of therapy pro- 
vided, as well as to the clinical 
results after therapy. Examiners 
were not allowed to confer with 
one another, and measurements 
were made to the nearest tenth 
of a millimeter. The difference 
between the pre- and post-treat- 
ment measurements was defined 
as the radiographic bone fill for 
this method. These measurc- 
~ments were evaluated for inter- 
examiner variability, as well as 
for their corretation with clinical 
bone fill measured at the re-entry 
procedure. 

Linear CADIA 
CADIA has been shown to have a 
greater sensitivity to detecting 
changes in bone density than 
conventional radiographic evalua- 

tion.25,4g,50 Therefore, a method in which CADIA 
could identify the vertical extent of bone fill would be 
useful from a clinical perspective. An approach was 
developed to test the ability of CADIA to detect the 
vertical extent of bone fit1 within intrabony defects. 

Figwe 5. 
The hurd t~ssuc response to therapy wos ev&ated utilizrng CADIA. 
Three regions-of-interest were placed wrthrn the defect whllc the 
fourth ROI represented the control and wos placed in a non- 
changed urea. 

~~003598 

Figure 7. 
Bone fill WJS evoluorcd radiographrcully &zing linear radIographic 
measurements. The software program used osnsts this process 

by providing a computerized ruier which con moke measurements 
on the rockogruph. 
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Fi@m? 8. 
Lineor CAD/A is a method which u&es lineor rudiogrophic mwsurements in 
cotnbrnation with CADIA. Regions-of-interest ore placed sequentially on top of one 
another sturting with the buse of the defect The most coronal ROI which 
demonstrates an increase in density is termed the “coronal extent of/ncreased 
densrcy” (CED). Linear measurements are then rnode from the CE) to the CED. 

For this anafysis, ROls were placed sequentially 
on top of one another, starting at the radiographic 
base of the defect on the baseline film (Fig. 8). The 
number of ROls placed was dependent on the size of 
the defect. The most coronal ROI was the one in 
which the box was completely above the alveolar 
crest. As was done in the first CADIA, a control RO1 
was placed in a distant site. Once CADlA values 
were obtained, the most coronal ROI in which a pos- 
itive change was observ’ed was identified. This was 
termed the coronal extent of increased density 
(CED). A linear measurement was then made from 
the reference point to the superior border of the CED 
(rCEJ-CED). This value was subtracted fror’n the 
average linear measurement of the reference point 
to the pretreatment base of the defect (rCW-rBOD). 
This value represented- the estimated bone fill utiliz- 
ing the linear CADIA method, and was compared 
with clinical bone fill measured at the time of re- 
entry. 

RESULTS 
Radiographic Standardization and Defect Quality 
Of the 45 pairs of radiographs, 24 (53%) were 
excluded based upon poor radiographic standardiza- 
tion or poor radiographic defect.quality. Ten defects 
were eliminated due to both poor standardization, as 
well as poor defect quality. Eight defects were 
excluded due to poor standardization alone, white 6 
defects were excluded based solely upon poor 
defect quality. Forty percent of the original defects 
were graded as having poor standardization. 
Thirteen of these defects were located in the maxit- 

lary arch and 5 poorly standardized defects 
were in the mandible. 

There were 21 defects remained in the 
study. Fifteen were in the mandible, and 6 in 
the maxilla. Of the remaining defects, cfinical 
bone fill as measured at re-entry ranged from 
-1.0 mm to +6.0 mm. The treatment ren- 
dered to the 21 remaining defects was evenly 
djstributed between each of the 3 study 
groups; OFD (7 defects), DFDBA (7 defects), 
and DFDBA + TCY (7 defects) _ 

CADIA 
CADIA values for all ROls within the defect 
ranged from -4 to 48. When CADIA values 
were compared with clinical bone fill, it was 
found that ROI-2 had the highest degree 
of correlation (Spearman’s r = 0.74, 
P = 0.0001). The base of the defect (ROI-1) 
had the poorest correlation coefficient of 0.54 
(P = 0.0117). A clear trend of increasing 
mean CADM values for defects with increas- 
ing clinical bone fill was noted. 

Linear Radiographic Measurements 
The inter-examiner variability of linear radiographic 
measurements was evaluated utilizing an analysis 
of frequencies. it was found that in 76% of the sites, all 
4 examiners identified the pretreatment base of the 
defect within 1.0 mm of one another. In only 57% of 
the sites did the examiners agree within 1 .O mm as to 
the iocation of the post-treatment base of the defect 
(Fig. 9). 

The 4 examiners’ radiographic measurements were 
averaged and compared to intrasurgical clinical mea- 
surements (Fig. 10). In 62% of the sites, there was 
agreement within 1.0 mm between linear radiographic 
and intrasurgical clinical measurements of the pretreat- 
ment base of the defect. In 67% of the sites, there was 
agreement within 1.0 mm between linear radiographic 
and intrasurgicaf clikical measurements of the post- 
treatment base of the defect. 

When evaluating bone fill, linear radiographic mea- 
surements agreed (wjthin .l .O mm) with intrasurgical 
clinical measurements in 43% of the sites (Fig. 11). 
Overall, linear radiographic assessment underesti- 
mated post-treatment bone fill by 0.96 mm (l-l.2 mm) 
(Fig. 12). A paired Student t-test determined that these 
differences were significant (P = 0.0023). 

Linear CADIA Method 
The linear CADIA method is an approach developed 
to combine linear radiographic measurements with 
CADIA. Radiographic bone fill determined by the lin- 
ear CADIA method was compared with clinical bone 
fill. This method recorded bone fill within 1.0 mm of 
that measured at re-entry in 57% of the sites (Fig. I1 )- 
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Figure ia. 
The voriobilrty of hear rodiographlc measurements between The c~ccumcy of fineor ra&ographic measurements in rdentifiing the 
cxomincrs was measured by fieqvency onufysis. There wus o greater base of the de@t was evaluated by frecluency anaiysz The 
degree ofugreement among the exxamlners when measuring the agreement between cfinrcof re-entry measurements and linear 
pretreatment base of the defect, OS compared to the post-treatment radiographic measurements was compared for both the pre- ond 
measurements. post-treatment bose ofthe defect 
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Figure i f. 
Ihe accuracy ofidcnti@ng bone by rodiogmpbic methods wos 
evaluated. Lineor radiogrophk measurements were compored with 
the linear CADfA method. Onfy in 43% ofthe sites did linear 
measurements agree wirh dimcul data within I .O mm. The linear 
CAD/A method improved the ogrrernent with cfinicuf data to 57% 

On average, the linear CADIA method underestimated 
bone fill by 0.26 mm (311.4 mm) (Fig. 12). In contrast 
to linear radiographic assessment, the differences 
between linear CADIA bone fill and clinicaf bone fill, 
were not statistically significant (paired Student t-test, 
P= 0.41). 

ity 
An interesting trend was found between the major- 
of the pairs of radiographs. Most CADIA values at 

the base of the defect were quite low, even when bone 
fill of the defect had actually occurred-. As the ROls 
approached the middle portion of the defect, the 

*StatistIcaffy Significant Difference (P = 0.0023) 
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Figure II. 

Linear-CADtA 

On overage, linear radiographic measurements underestimated 
cfinicol bone fill by 0.96 mm, whrfe fineat=CADfA underestimated 
clinical bone fill by 0.26 mm.The difference between finear 
measurements und dinicol re-entry was significant while the 
difirence between lineor-CACXA and cfinicu/ reentry was not 
significant 

CADIA values increased. Most sites had a very clear 
distinction between the ROI representing the coronal 
extent of increased density, and the next ROI, which 
demonstrated no increase in bone density. 

In this study, 40% pairs of radiographs were deter- 
mined to have less than adequate standardization for 
radiographic evaiuation. In recent literature on 
guided tissue regeneration of furcation defects, 
Eickhoiz and Hausmann reported the exclusion of 
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poorly standardized radiographs to be as high as 
50% in their study.28 They suggested that the ability 
to standardize radiographs may be more obtainable 
in the mandibular arch than the maxilla.28 In- this 
study, 13 out of the 18 sites graded as having a poor 
standardization were found in the maxilla. ln con- 
trast, 17 out of 27 adequately standardized sites 
were found in the mandible. These trends support 
the idea that standardization may be more consis- 
tent in the mandible. Although the vast majority of 
poorly standardized radiographs were a result of dif- 
ferences in projection geometry between the Pairs of 
radiographs, there were isolated sites that demon- 
strated physiologic changes beyond the examiner’s 
control. Pathologic migration of teeth affected by 
moderate to advanced attachment loss has been 
documented in the literature.51 These same teeth 
may undergo spontaneous repositioning after peri- 
odontal therapy.52 Tooth movement between the 
baseline radiograph and l-year follow-up was 
observed in several sites in this study. These types 
of shifts present significant challenges to the stan- 
dardization process, and are an example of the 
inherent limitations of obtaining standardized radio- 
graphs over time. Sixteen of the defects were graded 
as having poor radiographic quality. Quality was 
based upon the radiographic appearance of welf- 
defined borders for each defect. When attempting to 
apply radiographic methods to the evaluation of 
periodontal therapy, it is necessary that the lesions 
be radiographically well defined. 

CADIA has been applied in several studies to the 
evaluation of regenerative therapy.29-3J v36*43s45*53 
Many of these studies have concluded that there 
was very little correlation between increases in den- 
sity as identified by CADIA and clinical bone fill 
measured at a re-entry procedure. When consider- 
ing the size and location of the region of interest, 
the methods between these studies have varied 
quite extensively. Attempts have been made to 
compare clinical bone fill with the change in density 
in regions of interest placed in the base of the 
defect.?0*43 This study found the highest correlation 
between CADIA and absolute bone fill when placing 
the ROi in the middle of the defect. The present 
study consistently demonstrated that there was very 
little change identified in the base of the defect. 
Changes were more dramatic as the region of inter- 
est moved coronally into the wider portions of the 
defect. Brown reported similar findings when evalu- 
sting the use of hydroxyapatite cement for peri- 
odontal regeneration.44 

It is apparent that the base of the defect is not an 
ideal site for the ROI for several reasons. The ability 
to place the ROI in the confinements of the defect 
boundaries at the base is very compromised. More 

than likely, a portion of the RO1 will lie outside of the 
defect and be incorporating native bone or tooth 
structure within the box. Another factor is that the 
volumetric area of the defect found at the base is 
usually very small compared to the surrounding 
native bone. Any changes in the base of the defect 
may be too smafl to distinguish from the adjacent 
bone. For these reasons, changes in bone density at 
the base of the defect may not be consistently identi- 
fied by CADIA. 

In contrast to previous studies, this study was able 
to identify significant correlations between increases 
in radiographic density as identified by CADIA and 
clinical bone fill measured at a re-entry procedure. 
As opposed to previous studies, the present study 
only utilized adequatety standardized radiographs 
with radiographically well-defined periodontal 
defects. In addition, the present study found the high- 
est correlation in the middle of the defect, while other 
studies have focused their analysis on the base of the 
defect. 

Even though correlations between CADIA and 
clinical bone fifl were detected in the mid-portion of 
the defect, this type of analysis provides very little 
information regarding the actual amount of bone fill 
on a site by site basis. CADIA is a measure of change 
over a certain area, which may imply changes in 
bone votume.41*49 But the change in density of a par- 
ticular region of interest provides no information 
regarding changes outside of the borders of the ROI. 
For example, a CADIA value of “30” measured at the 
midd.le of a defect would not imply that greater bone 
fill throughout the defect has occurred when com- 
pared to another site which only measures a CADfA 
value of “10.” 

The accuracy of linear radiographic measurements 
in determining changes in post-treatment bone levels 
folfowing regenerative therapy has been reported by 
Tonetti and co-workers.40 They found that linear mea- 
surements underestimated bone fill by 1.2 mm. The 
present study, found miid improvement by underesti- 
mating bone fill by 0.96 mm. Both studies agree that 
there is excessive variability of linear radiographic 
measurements in identifying clinical bone fill. Both 
studies found that the differences between clinical 
findings and Iinear radiographic measurements were 
statistically significant. 

Although both CADIA and linear radiographic 
measurement methods had significant limitations, 
they both possessed certain strengths. Linear mea- 
surements provided clinically relevant information 
regarding actual bone fill. But this method relies 
upon the subjective evaluation of the examiner. 
CADIA, as it has been applied historically to the eval- 
uation of regeneration, provides little clinicalfy rele- 
vant information, but possesses exquisite sensitivity 
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;n detecting true changes in bone density.51 CADIA 
can measure changes in bone density as small as 
5%. while a 30 to 50% change in bone mineral must 
occur before the human eye can detect density 
changes.54 

Therefore, a method was proposed to combine 
the strengths of the 2 systems. Linear CADIA mea- 
surements provided information regarding the CO~O- 
nal extent of increased density as determined by 
CADIA. With this approach, no attempt was made to 
quantify changes in bone density utilizing CADIA. 
Rather, CADIA was used to identify the vertical 
extent of significant increases in density. Linear 
measurements were then made from fixed reference 
points (e.g., rCEJ). This method still relies upon the 
examiner’s abitity to identify the pretreatment base 
of the defect. 

It was determined statistically that the linear- 
CADIA approach resulted in improved accuracy when 
determining post-treatment bone fill. Although there 
was a wide range of accuracy with certain defects, the 
overall differences between the linear-CADIA mea- 
surements, and clinical bone fill measurements was 
not statistically signiFicant. 

It cannot be said with confidence that any of the 
radiographic methods evaluated in this study can 
;erve as a replacement for the data obtained during a 
re-entry procedure. Future devefopments in radi- 
ographic techniques must be directed towards the 
improvement of obtaining well-standardized radio- 
graphs. Unless this method can provide consistent 
standardization, which can be realistically achieved 
by well-trained technicians, it is likely that future stud- 
ies wjll not choose to incorporate subtraction radio- 
graphy into their protocol. it will also be important to 
develop a simple method of identifying the radio- 
graphic base of the defect. Probing bone measure- 
ments under local anesthesia may be able to enhance 
the accuracy of this task. I6 Within the confines of this 
study, the linear CADIA method provided the most 
accurate means of radiographically determining post- 
treatment bone fill. 

The major limitation to this study was that there 
were a small number of sites remaining after the 
exclusion process and the findings should be con- 
firmed with studies involving a larger number of 
defects. In addition, this study only evaluated inter- 
proximal lesions. Furcation defects present a whole 
new set of challenges and the defect margins are fre- 
quently obscure. The use of these methods in the 
evaluation of furcation defects should be tested in 
‘uture studies. , 

In conclusion, attempting to identify the most 
accurate method of evaluating the hard tissue 
changes after regenerative therapy is an important 
task. To date, re-entry procedures appear to be the 
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gold standard while no single radiographic method 
can reproduce similar information consistently. The 
combination of various techniques, such as probing 
bone levels, linear CADlA, and soft tissue measure- 
ments, may increase our ability to determine the 
treatment outcome foflowing regenerative therapy 
without the use of a re-entry procedure. If radi- 
ographic evaluation is to ever replace re-entry pro- 
cedures in the evaluation of hard tissue response to 
therapy, certain objectives must be achieved: i.e., 
predictable standardization of radiographs; the use of 
well-defined radiographic defects; identifying the 
radiographic pre-treatment base of defect; and utiliz- 
ing a radiographic method such as linear-CADIA 
which maximizes both the exquisite sensitivity of 
subtraction radiography and the clinically relevant 
information provided by linear radiographic mea- 
surements. 

ACK 
The authors wish to thank Dr. Christopher Richardson 
for his participation in the study, and Mr. Douglas J. 
Toback for his assistance in the preparation of this 
manuscript. We would also like to thank Dr. Urs 
Bragger for his ideas during the planning stages of 
this study. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Il. 

The American Academy of Periodontology. Glossary of 
Periodontal Terms, 3rd ed. Chicago: The American 
Academy of Periodontology; 1992;46. 
Langer 3, Gelb D. The early re-entry Procedure. 
J Periodonfoi 1977;48:318-324. 
Langer 8, Gefb D, Krutchkoff D. Early re-entry 
procedure. Part II: A five-year histologic evaluation. 
JPeriudonfol1981;52:135-139. 
Froum S, Coran M, Thaiter B, Kushner L, Scopp I, Stahl 
S. Periodontal healing following open debridement flap 
procedures. 1. Clinical assessment of soft tissue and 
osseous repair. JPeriodontol 1982;53:8-34. 
Garrett S. Periodontal regeneration around natural 
Teeth. Ann Periodontoi 1996; 1:623-6X 
Ustgarten M. Periodontal probing: What does it mean? 
J C&t Periodontoi 1980;7: 165 176. 
Armitage G, Svanberg CK, Lije H. Microscopic 
evaluation of clinical measurements of connective 
tissue attachment levels. ,I Clin feriodontot 1977: 
4;173-190. 
Fowler C, Garret S, Crigger M, Egelberg J. Histologic 
probe position in treated and untreated human 
periodontal tissues. J Clin Periodontoll982:9;373-385. 
Caton J, Greenstein G, Poison AM. Depth of peri- 
odontal probe penetration related to clinical and 
histologic signs of gingival inflammation. J Periodonfol 
1981;52:626-629. 
van der Velden U. Influence of probing force on the 
reproducibility of pocket depth measurements. J Cfin 
Periodontol 1980:7;474-420. 
Watts T. Constant force probing with and without a 
stent in untretited periodontal disease: The clinical 
reproducibility problem and possible sources of error. 
JCh Periodontol 1987;14:407-411. 

1487 



Volume 70 ” Number 12 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

Badersten A, Nilveus R, Egelberg 3. Reproducibility of 
probing attachment level measurements. J Ciin 
Periodontol 1984; 11:475-486. 
Kim C, Choi E, Cho K, Wikesj5 0. Periodontal repair in 
intrabony defects treated with a calcium carbonate 
implant and guided tissue regeneration. J Periodontol 
1996;6?: 1301- 1306. 
Weigel C, Bragger U, Hammerle C, Mombelli A, Lang 
N. Maintenance of new attachment 1 and 4 years 
following guided tissue regeneration (GTR). J Clin 
Periodontol1995;22:661-669. 
Nygaard-Ostby P, Tellefsen G, Sigurdsson T, 
Zimmerman G, WikesjG U. Periodontal healing following 
reconstructive surgery: Effect of guided tissue 
regeneration. J Clin Periodontof 1996;23: 1073- 1079. 
&sell M. Relationships between alveolar bone levels 
measured at surgery, estimated by transgingival 
probing and clinical attachment level measurements. 
J Clin Periodontot 7989;16:81-86. 
Jeffcoat M. Radiographic diagnosis in periodontics. 
Periodonto 1995:54-68. 
Theilade J. An evaluation of the reliability of 
radiographs in the measurement of bone loss in 
periodontal disease. JPeriodonCol1960;31:743-153. 
Atbandar J. Validity and reliability of alveolar bone level 
measurements made on dry skulls. J  Chin Periodontol 
1989;16:575-579. 
Benn D. A review of the reliability of radiographic 
measurements in estimating alveolar bone changes. 
JClin Periodontof 1990:17:14-21. 
Jeffcoat M. Radiographic methods for the detection of 
progressive alveolar bone loss. J Periodontal 1992; 
63:36?-372. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

Hausmann E. A contemporary perspective on 
techniques for the clinical assessment of alveolar bone. 
J Periodontol 1990;61: 149-156. 
Berm D. A computer-assisted method for making linear 
radiographic measurements using stored regions of 
interest. JCZin Periodontot 1992;19:441-448. 
Albandar J, Abbas D. Radiographic quantification of 
alveolar bone level changes. Comparison of 3 currently 
used methods. J C/in PeriodontoI 1 Q86,13:81 O-81 3. 
Bragger U, Pasquali L, Rylander H, Cames D, Kornman 
K. Computer-assisted densitometric image analysis in 
periodontal radiography. A methodological study. J Ciin 
Perhdontol1988; 15:27-37. 
Eickholz P, Kim T, Holle R. Guided tissue regeneration 
with non-resorbable and biodegradable barriers: 
6 months results. J  Clin Periodontol 1997;24:92-101. 
Eickholz P, Benn D, Staehle H. Radiographic evaluation 
of bone regeneration following periodontal surgery with 
or without expanded polytetrafluoroethylene barriers. 
J  Periodontof 1996;67:379-385. 
Eickholz P, Hausmann E. Evidence for healing of Class 
II and III furcations after GTR Therapy: Digital 
subtraction and clinical measurements. J Periodontot 
1997;68:636-644. 
Bragger U, Hammerle C, Mombelli A, Burgin W, Lang 
N. Remodelling of periodontal t issues adjacent to sites 
treated according to the principles of guided tissue 
regeneration (GTR). J Clin Perlodontol 1992;19: 
615-624. 
Masters L, Mellonig J, Brunsvold M, Nummikoski P. A 
clinical evaluation of demineralized freeze-dried bone 
altograft in combination with tetracycline in the 
treatment of periodontal osseous defects. J  Periodontoi 
1996;67:770-781. 

1488 BM003603 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

41. 

42. 

43. 

44. 

45. 

46. 

47. 

48. 

Yamaoka S, Mellonig J, Meffert R, Arnold R, Nummikoski 
P, Mealey B. Clinical evaluation of demineralized 
unicortical ilium strips for guided tissue regeneration. J 
Periodontol1996;67:803-815. 
Sirirat M, Kasetsuwan J, Jeffcoat M. Comparison 
between 2 surgical techniques for the treatment of early- 
onset periodontitis. J  Periodontol 1996;67:603-607. 
Falk H, Laurel1 L, Teiwik A, Persson R. @ ided tissue 
regeneration therapy of 203 consecti&&y treated 
intrabony defects using a bioabsorbable matrix barrier. 
Clinical and radiographic findings. J Periodonto! 
1997;68:571-581. 
Mattson J, Mctey L, Jabro M. Treatment of intrabony 
defects with collagen membrane barriers. Case reports. 
J  Periodontol1995;66:635-645. 
DiBattista P, Bissada N, Ricchetti P. Comparative 
effectiveness of various regenerative modalities for the 
treatment of localized juvenile periodontitis. J  Periodontol 
1995;66:673-678. 
Francis J, 6runsvoid M, Prewett A, Mellonig J. Clinical 
evaluation of an allogeneic bone matrix in the treatment 
of periodontal osseous defects. J  Periodontol 
1995;66:1074-7079. 
Heiji L, Heden G, Svardstrom G, Ostgren A. Enamel 
matrix derivative (EMDOGAIN) in the treatment of 
intrabony periodontal defects. J  Clin Periodontol 
1997;24:705-714. 
Christgau M, Schmalz G. Wenzel A, Hiller K. Periodontal 
regeneration of intrabony defects with resorbable and 
non-resorbable membranes: 30-month results. J  Chin 
feriodontol1997;24:17-27. 
Christgau M, Schmalz G, Reich E, Wenzel A. Clinical 
and radiographical split-mouth study on resorbable 
versus non-resorbable CTR membranes. J C/in 
Periodontal 1995;22:306-315. 
Tonetti M, Pini Prato GP, Williams R, Cortellini P. 
Periodontal regeneration OF human inhabony defects. Ill. 
Diagnostic strategies to detect bone gain. J Periodontal 
1993;64:269-277. 
Bragger U. Computer assisted densitometric image 
analysis for the quantitation of radiographic alveolar 
bone changes. J Periodontal Res 1987;22:227-229. 
Bragger 0. Remodelling of interdental alveolar bone 
after periodontal flap procedures assessed by means of 
computer-assisted densitometric image analysis 
(CADiA) . J  Clin Periodonto 1988; 15:558-564. 
Guillemin M, Mellonig J, Brunsvold M, Steffensen B. 
Healing in periodontal defects treated by decalcified 
freeze-dried bone alfografts in combination with e-PTFE 
membranes. JCIin PeriodontoI1993;20:520-527. 
Brown G. The use of hydroxyapatite cement implant 
human interproximal periodontal defects. (Thesis). 
University of Texas Health Science Center San Antonio; 
1996. 
Zammit K. A clinical study of the use of Gore bio- 
absorbable periodontal material {Resolut) in human 
mandibular Grade ll furcation defects. J  Clin Periodontoi 
1997;24:41 O-41 5. 
Jeffcoat M, Webber R, Reddy M, Williams R. Digital 
subtraction radiofogy without stents. J  Dent Res 
1986;65: 176. 
Ruttimann U, Webber R, Schmidt E. A robust digitai 
method for contrast correction in subtraction 
radiography. J Periodont Res 1986;2 1:486-495. 
Steffensen B, Pasquali L, Yuan C, Wood R, Schoolfield 
J, Kornman K. Correction of density changes caused 



by methodological errors in CADIA. J Periodont Res 
1989;24:402-408. 

54. Ortman L, McHenry K, Hausmann E. Relationship 

49. Bragger 0. Digital Imaging in periodontal radiography. 
between alveolar bone measured by *25l absorptiometry 
with analysis of standardized radiographs. J Periodontol 

J Clin Periodonto 988;15:55 I-557. 1982;53:31 l-314. 
50. Ortman L, Dunford R. McHenry K, Hausmann E. 

Subtraction radiography and computer assisted Send reprint requests to: Dr. Gregory A. Toback, 190 
densitometric analysis of standardized radiographs. A 

1251 absorptiometry. J Periodont 
Hempstead Street, New London, CT 06320. 

comparison study with 
Res 1985;20:644-651. Accepted for publication May 4, 1999. 

51. Towfighi P, Brunsvold M, Storey A, Arnold R, Wilfman 
D, McMahan C. Pathologic migration of anterior teeth in 
patients with moderate to severe periodontitis. 
J Periodontol f997;68:967-972. 

52. Gaumet P. Spontaneous repositioning of pathologically 
migrated teeth after conventional periodontal treatment 
(Thesis). University of Texas Health Science Center San 
Antonio; 1997. 

53. Gouldin A, Fayad S, Mellonig J. Evaluation of guided 
tissue regeneration in interproximal defects (II). 
Membrane and bone versus membrane alone. J Clin 
Periodonto! 1996;23:485-491. 

BM003604 
1489 







Ann Periodontoi 

William V. G iannobile” and Martha J. Somerman*~ 

* Department of Periodontics/Prevention/Geriatrics and Center for Craniofacial Regeneration, School of Dentistry, 
University of Michigan, Ann Arbor, Michigan. 

f Office of the Dean and Department of Periodontics, University of Washirzgton School OfDentistry, Seattle, Washington. 

Background: Regeneration of tooth-supporting structures destroyed by periodontitis is a major goal of 
periodontal therapy. Periodontal tissue engineering utilizing growth and amelogenin-like factors (GAFs) 
applies advances in materials science and biology to regenerate alveolar bone, periodontal ligament, and 
cementum. Amelogenin-like factors (e.g., enamel matrix derivative [EMD]) and growth factors (e.g., platelet- 
derived growth factor [PDGF] and bone morphogenetic proteins [BMPs, also considered morphogens]) have 
demonstrated pleotrophic effects on the stimulation of several key events required for tissue regeneration 
including DNA synthesis, chemotaxis, differentiation, and matrix synthesis. 

Rationale: GAFs have been used for the treatment of periodontal disease as shown in preclinical and clin- 
ical studies. This systematic review evaluates the evidence to support the utilization of EMD and growth 
factors (GFs) for periodontal repair and regeneration associated with natural teeth. 

Focused Question: In patients with periodontal osseous defects, what is the effect of GAFs compared 
with controls on clinical, radiographic, histologic, adverse, and patient-centered outcomes? 

Search Protocol: Two investigators searched MEDLINE, pre-MEDLINE, and the Cochrane Oral Health 
Group trials register for clinical and preclinical studies published in English. Hand searches were performed 
on tie International Journal of Periodontics and Restorative Dentistry, Journal of Clinical Periocfontology, Jour- 
nal of Dental Research, Journal of Periodontology, and Journal of Periodontal Research. Searches were per- 
formed for articles published through April 2002. In addition, investigators contacted manufacturers of GAF 
products for related unpublished data and studies in progress. 

Selection Criteria 
Inclusion criteria: Randomized controlied clinical trials (RCTs), cohort studies, case-control studies, case 

reports, and preclinical (animal) randomized controlled investigations that included a cohort population 
diagnosed with periodontal disease and presenting data on intrabony/interproximal defects and/or furca- 
tion defects were screened. 

Exclusion criteria: In vitro studies or those that did not include quantifiable data with respect to clinical 
or bone measures were not included. 

Data ColIection and Analysis: Meta-analyses were performed for studies that fulfilled the eligibility cri- 
teria for the following continuous variables: clinical attachment level (CAL), probing depth (PD), or bone 
level (radiographic, re-entry, or histologic). Heterogeneity was assessed to determine whether the differences 
among therapies were due to systematic confounding factors (as noted in study quality assessments). 

Main Results 
1. Eight studies, representing 7 RCTs and 1 quasi-experimental study, representing a total population of 

511 subjects were analyzed with respect to EMD. 
2. The majority of the remaining papers had a low evidence rating. 
3. Most reports were case studies or case series without controls. 
4. There were insufficient data to conduct a meta-analysis on the effect of growth factors used in peri- 

odontal repair around teeth. 
Reviewers’ Conclusions 
I. There is evidence supporting the use of EMD for periodontal osseous defects to improve CAL and reduce 

PD, although long-term benefits have not been established. 
2. EMD has demonstrated notable consistency among the studies investigated in terms of superiority to 

controls (in general compared to open flap debridement [OFD]). 
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3. EMD appears to be safe for single and multi- 
ple administrations in terms of lack of elicitation of 
antibody responses or other local/systemic inflam- 
matory events. 

4. Preclinical and initial clinical data for growth 
factors appear promising but are insufficient to 
draw definitive conclusions at this time. 
Ann Periodontof 2003;8: 193204. 
KEY WORDS 
Bone morphogenetic proteins; enamel matrix 
derivative; growth factors, platelet-derived; 
periodontal diseases/therapy; review literature; 
meta-analysis. 

Growth factors (GFs) are natural biological mediators 
that regulate crucial cellular events invoIved in tissue 
repair, such as DNA synthesis, chemotaxis, differenti- 
ation, and matrix synthesis.l Examples of GFs used 
experimentally to treat periodontal disease include 
platelet-derived growth factor (PDGF), transforming 
growth factor-beta (TGF-D), basic fibroblast growth fac- 
tor (FGF-2), insulin-like growth factor-l (IGF-I), bone 
norphogenetic proteins (BMPs) , vascular endothdial 

growth factor (VEGF), and parathyroid hormone (PTH). 
Enamel matrix proteins or enamel matrix derivative 

(EMD) have also been suggested to promote peri- 
odontal regeneration by way of mimicking the specific 
events that occur during the development of the peri- 
odontium. Developing enamel matrix consists mostly 
of proteins derived from the amelogenin gene (go%), 
with the remainder comprised of amelin (shethlin, 
ameloblastin) (-8%), enamelin (-2%), enzymes, and 
serum proteins.2 in contrast, EMD is composed of amel- 
ogenins, with metalloendoprotease and serine protease 
activity, but minima1 to no “non-amelogenin”-like pro- 
teins.3 Although it is still necessary to further clarify 
the role of EMD in epitheiial-mesenchymal interactions, 
these proteins promote periodontal wound healing as 
shown in multiple investigations (see this review). EMD 
is currently the only biologic that is commercially avail- 
able for human use, although other GFs are in various 
stages of development. 

GAFs have been used for the treatment of periodontal dis- 
ease as shown in preclinical and clinical studies. This 
systematic review evaluates the evidence to support the 
Mlization of EMD and growth factors (GFs) for periodontal 
epair and regeneration associated with natural teeth. 

ln patients with periodontal osseous defects, what is the 
effect of GAFs compared with controls on clinical, 

radiographic, histologic, adverse, and patient-centered 
outcomes? 

c ,&cg”~+] pROTC::.GL 
The two authors (WG and MS) searched for preclinical 
and clinical studies in the English language utilizing MED- 
JJNE, Pre-MEDLJNE and the Cochrane Oral Health Group 
trials register (CCTR) ‘as the on-Iine databases. Pub- 
lications up to April 2002 were selected based on the 
following search terms: “Attachment factors,” “basic 
fibroblast growth factors” (bFGF or FGF-2), “bone 
morphogenetic proteins” (BMPs), “differentiation fac- 
tors, n “enamel matrix proteins,” “epidermal growth 
factors” (EGF), “growth factors,” “insulin-like growth fac- 
tors” (IGF-1, -2, or IGF), “parathyroid hormone” (PTH), 
“pfatelet-derived growth factor” (PDGF), “osteoinductive 
factors,” “ periodontal wound healing,” “periodontal re- 
generation, ” “tissue engineering, n “transforming growth 
factor-beta” (TGF-beta), and “vascular endothelial growth 
factor” (VEGF). All of the search terms were meshed 
with “periodontal.” 

A hand search was performed to include the Inter- 
national Journal of Periodontics and Restorative Den- 
tistry, Journal of Clinical Periodontology, Journal of 
Dental Research, Journal of Periodontal Research, and 
Journal of Periodontology as well as discussions with 
representatives of companies developing GAFs for 
periodontal use. Following this, abstracts of articles 
derived from this broad search were screened and per- 
tinent publications were further reviewed on a full-text 
format. Final selection was based on predetermined 
inclusion and exclusion criteria. 

llnclusion criteria: Initially, randomized controlled clin- 
ical trials (RCTs), cohort studies, case-control studies, 
case reports and preclinical (animal) randomized con- 
trol investigations were screened. Reviewed publica- 
tions included a cohort population diagnosed with 
periodontal disease as well as presenting with peri- 
odontal osseous defects. For the animal data, only RCTs 
were pre-selected. Accordingly, the following therapeu- 
tic interventions were integrated in the analysis: utiliza- 
tion of GAFs versus open flap debridement (OFT)), car- 
rier or vehicle controls; GAFs in conjunction with guided 
tissue regeneration (GTR) versus OFD, carrier or vehi- 
cle controls; GAFs in conjunction with bone replace- 
ment grafts (BRGs) versus OFD, carrier or vehicle 
controls; GAFs in conjunction with root conditioning 
versus OFD, carrier or vehicle controls; and studies with 
no treatment controls or scaling and root planing alone. 

Exclusion criteria: In vitro studies or those that did 
not include quantifiable data with respect to clinical or 
bone measures were not included. 

Qutcomes 
The criteria of efficacy of GAFs compared to controls 
were based on defined clinical outcome measures. 
These outcomes were weighted on clinical relevance 
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and they were selected prior to initialization of the 
search. Hence, primary outcomes considered were 
changes in clinical attachment levels (CAL), changes 
in radiographic bone density or linear bone height, 
changes based on direct measurement of bone levels 
obtained at surgical re-entry, and histological measures 
of periodontal regeneration (i.e., new bone density, new 
bone height, length of new cementum, and fength of 
new attachment). Secondary outcomes were considered 
probing depth changes (PD), gingival recession changes 
(REC), changes in tooth mobility, and changes in oral 
hygiene efficacy and compliance. In addition, patient- 
centered outcomes were considered including surgical 
complications, ease of maintenance based on residual 
PD, disease control (incidence of relapsing or recur- 
rent disease), and ability to support prostheses. Finally, 
adverse outcomes considered were pain, tooth hyper- 
sensitivity, swelling, soft tissue dehiscences, secondary 
infection, antibody formation to recombinant molecules, 
clinical foreign body reactions, and ankylosis. 

Data Collection and Analysis 
During the search, reviewed studies received a prede- 
termined scoring proposed by the investigators. They 
were based on the quality of the study methodology as 
follows: randomized controlled clinical trials: Level 1; 
quasi-experimental studies (e.g., no randomization): 
Level 2; controIIed observational studies (i.e., case-control 
and cohort studies): Level 3; observational studies {with- 
out control groups): Level 4; and randomized preclinical 
controlled trials (animal) studies (PCRCTs): Level 5. 

The quality assessment of each study was measured 
using guidelines from Consolidated Standards of Report- 
ing Trials (CONSORT) and the Quality of Reporting of 
Meta-analyses (QUOROM). Meta-analyses were per- 
formed for studies that fulfilled the eligibility criteria 
and the following continuous variables: CAL, PD, or 
bone level (radiographic, re-entry, or histologic). Het- 
erogeneity was assessed to determine whether the 
differences among therapies were due to systematic 
confounding factors (as noted in study quality assess- 
ments). Cohen’s d (unadjusted) and Hedges g (adjusted) 
were used to test for heterogeneity.“15 

; ““c;‘iTs . .3-d 
A total of 559 articles were identified initially among those 
published up to April 2002, In vitro studies or those that 
did not possess quantifiable data with respect to clinical 
measures or bone measures of regeneration were elimi- 
nated. There remained 60 studies that fulfilled the crite- 

: ria set forth by the search protocol. Three studies were 
based on bFGF,6-8 11 on BMPs,~-~~ 37 on enamel matrix 
derivative (EMD) , 20-56 5 on PDGF or PDGF/lGF-1 ,57-61 
and 4 others with combined GFs.~~~~-@ On the prelimi- 
nary inspection of these potential studies, it was noticed 
that significant variability existed regarding their method- 

ology, including objectives, methods of investigation (i.e., 
lack of randomization or masking), and data collection. In 
addition, it is important to note that most of the growth 
factors available for investigation are currently not 
approved for human utilization. For this reason, with the 
exception of EMD studies, the vast majority of the initially 
screened articles were based on animal data, where clin- 
ical efficacy has not been validated. Only 2 out of the 
23 studies utilizing GAFs other than EMD have published 
results based on human investigations.rg>‘jl Review of 
animal trials revealed a vast heterogeneous methodology. 
Consequently, after statistical analysis, it was concluded 
that animal data were insufficient for a meta-analysis. 
This was due mainly to the differing study designs, out- 
come variables, and inconsistent dose levels tested. 

With respect to human trials, a total of 32 studies 
were initially identified. When these studies were strati- 
fied by GAF type, 30 out of 32 involved the utilization 
of EMD. One involved a Phase I/l1 clinical trial utilizing 
a combination of PDGF-BB and IGF-1 for treatment of 
periodontal osseous defect@ and the other a study of 
a human-derived, partially-purified BMP (osteogenin) 
for regeneration of submerged and nonsubmerged peri- 
odontal lesions.rg After careful review of each study, it 
was demonstrated that the majority of human trials in 
the literature were based on non-controlled methodolo- 
gies. The heterogeneity of the reports precluded any 
meaningful pooling of the data from these reports, or any 
attempt at a meta-analysis of the data. Consequently, the 
structure of this review, originally intended to be a sys- 
tematic review, was modified to summarize the perti- 
nent literature relating to EMD. Only 8 studies out of the 
32 demonstrated sufficient data to be considered in a 
meta-anaIysis.Z*25~30~X~46~~2~65@ The data obtained from 
these 8 trials were based on RCTs (Level 1) or quasi- 
experimental (Level 2) and are summarized in Table 1. 
There were sufficient data to display changes in PD and 
CAL in all of the mentioned studies. 

Of the 8 studies that were eventually considered in 
the analyses, 7 were RCTs and one was a quasi-exper- 
imental study (Table 1). These studies allowed meta- 
analysis for CAL gain and PD reduction and for forest 
plot analysis shown in Figures 1 and 2. In general, the 
studies report highly consistent and statistically sig- 
nificant results demonstrating marked improvements 
in CAL gain, PD reduction, and osseous defect fill as 
measured radiographically. 

Figure 1 demonstrates results for probing depth for 
the 8 studies. By 2 different methods Cohen’s d and 
Hedges g heterogeneity was statistically significant. 
Normally a statistically significant result for hetero- 
geneity would suggest that the studies should not be 
put together for a meta-analysis. However, in this case 
all of the studies were positive (favoring EMD) and 6 
out of the 8 favored were statistically significant. If the 
2 most positive studies22,52 are removed from the 



rabk I. 

Studies Evaluating the Effect O f Enand! Matrix Deshmtive on Repair of Periodontal 
Osseous Defects 

Reference .’ _’ Study Population Agent Study Outcomes 
study 

Funding/Location .Ranking 

Meij ~~~$i. t’: iicf 
i.pB7 / .‘: Split-kouth’ 

_; _’ . ~2,t”featrfi’ni groups 
‘, .’ ‘: 2: 8’to 3b.&onths 

duration 

Zetterti-iin, et al. 5z Quasi-design 
I997 Split-mouth 

2 treatment groups 
8 70 36 months 

duration 

Silvestri et aLs2 
2000 

RCT 
Parallel Group 
3 treatment groups 
12 months duration 

3.4 subjects 
27 comp!e:ed 
Mean age 48 

i 40 subjects 
69 fern& 
M?an age 48 

30 subjects 
I9 females 
Mean age 46 

Sculean et al.‘” 
200 I 

RCT 56 subjects 
Parallel group 32 females 
4 treatment groups Mean age 36 
I2 months duration 

Tbnetti et al. 65 
2002 

RCT 
Parallel group 
2 treatment groups 
I2 months duration 

I72 subjects 
I2 test centers 
I66 completed 
Mean age 48 

Pontoriero et aL3’ RCT 40 subjecii 
i 999 Split-mouth 25 fernal* 

5 treatment groups ilw 3210 2 $1 
12 months diwatiori 

ControkMWF 
%st EMD 

-APD. ACAL, AREC, 
AridiogrBphic bone 
densiljl : 

Conrroi: M W F  
Test: EMD 

z&PD, KAL. AREC, 
&-zdlographic 
bone density, 
safety assessments 

Control: M W F  
Test: EMD 

APD, ACAL, AREC 

Control: Flap 
Test EMD 

-hPD, ACAL. hREC, 
Gl; PI: bone height, 
bone fill (%>, 
defect resolution 

Control: F!ap 4PD. Apiaque. AGI, 
Test: EM0 4C/?\L, 4REC 

Control: Papilla 
preservation 
surgery 

Test: EMD 

Control: Flap 
Test: EMD 

APD, ACAL, AREC 

4PD. ACAL, AREC. 
A+),-ABO? Arnob\tity 
Aradio@aphi; 
bone density 

Corzt-01: Ftap 
Test: EMD 

APD. ACr-l.L, ARK 

Company ; / _’ 

Company 

University and I 
company 

Company 2 

Not given 

University and I 
company 

Not given I 

University and I 
company 

analysis, the resulting analysis is highiy significant for 
the effect of EMD and the heterogeneity is non-sig- 
nificant. Thus, the heterogeneity does not bring into 
question whether E.MD is effective, since virtually all 
of the studies are positive, but onIy brings into ques- 
5on the estimate of the size of effect. There was a 
imilar result for attachment 1eveI (Fig. 2). In this case, 

the removaI of only one of the studiesS2 resulted in an 
analysis that is highly significant for the effect of EMD 
and the heterogeneity is non-significant. For both out- 
come variables the meta-analysis suggests that there 

is a consistent and highly significant beneficial effect 
for EMD. 

Heijl et aI. published the earliest results demonstrating 
the effects of E,MD in a multi-center RCT. This investi- 
g&on studied 33 subjects with paired 1 - or 2-wall osseous 
defects in a split-mouth design (EMD + modified Widman 
flap (MWFJ or MWF alone). The treated defects were 
evaluated at 8, 16, and 36 months post-treatment and 
assessments were made for changes in PD, CAL, REC, 
and radiographic bone density. Mean values for CAL gain 
in EMD and control sites at 8 months were 2.1 and 

1QG 
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Reference Ml N2 Effect PI Total P Value -4.00 -2.00 0.00 2.00 

Sculean 200f6 14 14 0.240 
Tonetti 2002@ 83 83 0.346 
Zetterstrijm 1997% 33 105 0.507 
Heiji 1997% 34 34 0.522 
Pontoriero1999Y 10 IO 0.817 
Okuda 2000* 15 15 0.902 
Froum 2001*’ 23 23 1.980 
Silvestri 20005’ 10 IO 2.118 

Fixed Combined (8)222 294 0.612 
Random Combined (8)222 294 0.820 

28 0.519 
166 0.026 
138 0.012 

68 0.033 
20 0.072 
30 0.017 
46 0.000 
20 0.000 

516 0.000 
516 0.000 

4.00 

Cohtrol 

- 

f- 
4" 
t 

+ 
+ 

f 
-I- 

EMD 

F&t-e 1’. 
Meta-analysis depiaing the effectiveness of&ID combined with surgery on probing depth reduction 
as compared to cbntrol frop surgery alone. The use of E.MD showed a significant improvement in PD 
reduction. Heterogeneity was significant with P <O.OOO I. 

Reference 
Time 

(months) RI1 N2 Effect M Total P Value -2.00 -1.00 0.00 1.00 2.00 

Zetterstrtjm 1997% 8.000 33 33 0.347 66 0.158 
Tonetti 2002= 12.000 83 83 0.392 166 0.012 
Heijl1995” 8.000 34 34 0.441 68 0.070 
Okuda 200030 12.000 15 15 0.889 30 0.018 
Pontoriero19993* 12.000 IO IO 1.037 20 0.026 
SculeanZOO~ 12.000 14 14 1.058 28 0.008 
Froum 2001n 12.000 23 23 1.108 46 0.000 
Siivestri 200252 12.000 10 10 2.246 20 0.000 

Fixed Combined (8) 222222 0.810 444 0.000 
Random Combined (8) 222222 0.767 444 0.000 

Control EMD 

- 
4 

Figure 2. 
Meta-unalysis depicting the effectiveness of E&ID combined with surgery on clinical attachment kvel 
gain as compared to control flap surgery alone.The use ofEMD showed a significant improvement 
in CAL gain. Heterogeneity Cohen‘s D, P = 0.04, Hedge’s g P = 0.16. 

1.5 mm, respectively; at 16 months, 2.3 and 1.7 mm, 
respectively; and at 36 months, 2.2 mm and 1.7 mm, 
respectively, with statistically significant differences at all 
time points. The radiographic bone density changes 
increased over the 36 months (66% fill) at the E.MD sites 
while the bone level remained essentially unchanged in 
the MWF-treated sites. 

ZetterstrGm et aI.y5 reported findings from a safety 
study that also included efficacy for the repeated 
application of EMD to periodontal defects in a quasi- 
experimenta design. A total of 140 subjects possessing 
24 mm deep osseous defects were recruited for study. 
Thirty-three individuals served as controls and the other 
107 had 2 surgical sites treated 2 to 6 weeks apart to 
determine the immunological responses to the repeated 
EMD application. Serum sampIes were taken for assess- 
ment of total and specific antibody levels. None of the 
harvested serum samples at various time points revealed 
indications of an antibody response that was different 

from the baseline values. Further- 
more, statistically significant results 
were found between EMD and con- 
trol treatments for PD, CAL, and 
radiographic bone density for up to 
3 years (a total of 65 individuals 
were evaluated at the 3-year time 
point). The investigators stated that 
ihe 2.5 to 3 mm increase in CAL 
and radiographic bone level was 
similar to other studies reported for 
EMD. 

The study by Silvestri et aLs2 
reported the results from an RCT 
that included a total of 30 patients 
comparing 3 surgical modalities: 
GTR plus flap, MWF alone, and 
EMD plus flap. Following surgical 
therapy the outcome measures 
evaluated were CAL gain, PD reduc- 
tion, and REC. Comparing 12- 
month results, it was noted that 
EMD resulted in 4.8 and 4.5 mm 
improvements in PD and CAL 
changes, respectively, while MWF 
surgery alone resulted in 1.4 and 
1.2 mm improvements in PD and 
CAL, respectively. Furthermore, the 
results between the positive control 
GTR and m were found to be 
simiIar, with no statistically sign& 
cant differences between the groups. 

A study by Froum et a1.22 com- 
pared OFD with and without EMD 
in the treatment of intrabony 
periodontal lesions. Twenty-three 
subjects with a minimum of 2 intra- 

bony defects were entered into this split-mouth design 
RCT. Closed measures (PD, CAL, gingival index [GI], 
plaque index [PI]) and open bone measures (surgical 
re-entry at 1 year) were performed in a total of 53 
osseous defects. For all categories, with the exception 
of PI and GI, E%1D was statistically superior to OFD. 
EMD resulted in 2.7 mm and 1.5 mm improvements in 
PD and CAL, respectively as compared to OFD. On aver- 
age, osseous defect fill was -3 times greater for EMD as 
compared to OFD (74% fill for EMD versus 23% fill for 
OFD). In terms of defect resolution (considering crestal 
resorption), the mean resolution for EMD treated defects 
at 12 months was 83.2%, while OFD sites revealed 
48.1%. These differences were statisticalIy significant. 

A comparative study by ScuIean and co-workers46 
evaluated the treatment effect of EMD, GTR, combi- 
nation of GTR + EMD, and OFD alone on the repair of 
intrabony periodontal defects. This 12-month RCT 
enrolled 56 subjects each possessing one intrabony 

_- 
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defect measuring ~6 m m  in depth. Several parameters 
were assessed (Table 1). The results of the study found 
that all therapies led to PD reduction, but without sta- 
tistically significant differences between the groups. 
However, for CAL, EMD, and EMD + GTR were supe- 
rior to OFD, while no additive effect was noted when 
EMD was combined with GTR. 

Tonetti et a1.65 reported results of the largest RCT per- 
formed to date comparing EMD to papilla preservation 
surgery in patients with severe periodontitis. This multi- 
center (12 sites in 7 countries) investigation evaluated 
a total of 172 subjects, with 166 individuals completing 
the study at 12 months. Patients required the presence 
of at least one intrabony defect of 23 m m . The clinical 
parameters incIuded PD, CAL, and REC. EMD enhanced 
3.1 m m  of CAL gain, while flap only resulted in 2.5 m m  
of CAL gain. EMD promoted 3.9 m m  decrease in PD, 
while flap only resulted in 3.3 m m  PD reduction. Differ- 
ences between EMD and control were statistically sig- 
nificant for both PD and CAL. Both groups displayed 
0.8 m m  of REC post-treatment, Multivariate analysis 
demonstrated treatment effects based on treatment cen- 
ter, baseline PD, and the presence of defect corticaliza- 
tion (all at PcO.01). 

Okuda et aL30 reported the results of a split-mouth 
design RCT on a Japanese patient population. A total 
of 16 individuals, each of whom possessed a m inimum 
of one pair of contralateral bony defects were recruited 
to compare EMD plus flap surgery to flap surgery alone. 
At baseline and the 12-month visits severa parameters 
were assessed including changes in PD, CAL, GI, bleed- 
ing on probing (BOP), mobility, and radiographic bone 
density. Statistically significant improvements in PD, 
CAL, BOP, and radiographic bone density were noted 
between OFD and EMD pIus OFD at 12 months. EMD 
treatment resulted in 20.2% gain in bone density, while 
flap alone resulted in a 3.9% loss (P-=0.05). 

Pontoriero et a1.34 provided results from a RCT com- 
paring EMD to 3 different GTR barriers or flap surgery 
(controls) in a split-mouth design, The entry criteria for 
the osseous lesions included contralateral angular 
bony defects, PD 26 m m , CAL 27 m m , and an intrabony 
defect measuring 23 m m , Twelve months following 
surgery the treatment sites were remeasured. No dif- 
ferences were noted between the EMD and control 
groups for recession (both 1.7 m m  increase from base- 
line). EMD treatment resulted in 4.4 and 3.0 m m  
changes for PD and CAL, respectively, while control 
surgery gave 3.5 m m  and 1.8 m m  changes for PD and 
CAL, respectively. The differences were statistically 
significant between EMD and control. EMD showed no 
:vidence of a difference in results as compared to the 

3 other GTR treatment modalities. 
Of the remaining studies directed at determining the 

effects of EMD on periodontal repair, the majority were 
either case series or case reports. In general, these stud- 

ies found that the application of EMD greatly enhanced 
CAL and bone gain as well as promoted probing depth 
reduction. In addition, histological evidence of peri- 
odonta1 regeneration to varying degrees was reported 
in several case reports.26~2g~43154~66 Thus, in total, the 
effects of EMD appear to be very consistent in terms 
of promotion of clinical attachment level gain and prob- 
ing depth reduction in humans above that of controls 
(flap surgery aIone). 

A goal of a systematic review is to take into consider- 
ation existing hierarchical evidence to determine the 
utility of treatment approaches for delivery of patient 
care. GAFs for periodontal repair represent one of the 
most rapidly developing technologies in periodontol- 
ogy. Much progress has been made in this area over the 
past decade; however, many of these therapies are still 
in their nascent stages. As described in the results 
section, the only member of GAFs available for sys- 
tematic review was EMD. Nevertheless, brief highlights 
for the most we11 studied GFs for periodontal tissue engi- 
neering are presented below: FGF-2, PDGF or PDGF/ 
.IGF- 1, and the BMPs. This section will conclude with a 
discussion related to the EMD studies presented above 
and their impact toward achieving the ultimate goal of 
predictable periodontal, regeneration in humans. 

Bone morphogenetic proteins (BMPs) belong to the 
large superfamily of transforming growth factor p (TGF8) 
proteins.67 BMPs are powerful regulators of cartilage 
and bone formation during embryonic development and 
regeneration in post-nata life. A striking and discrimi- 
natory feature of some ‘of these proteins is their ability 
to induce de novo endochondral osteogenesis in ectopic 
sites (e.g., skin or muscle).68 

Preclinical animal models have shown a potent effect 
of BMP-2 on bone apposition to implant surfaces.6g>70 
The clinical use of BMP-2 in humans has been recently 
reviewed.72 Recombinant human BMP-2 has been safely 
applied for implant site development73 and for sinus floor 
elevation in human trials74 (also see systematic review 
for alveolar ridge augmentation75). Margolin et al. found 
increases in bone m ineral density, using BMP-7 (or 
osteogenic protein- 1 [OP- 1 J) that was similar to the car- 
rier alone.76 Van den Bergh et al. also reported initial data 
on 3 human subjects treated with BMP-7 for sinus floor 
augmentation.77 The authors concluded that the OP-1 
device has the potential for initiating bone formation in 
the human maxillary sinus within 6 months after a sinus 
floor elevation operatian. However, the various findings 
in the patients studied indicate that the behavior of the 
material is at this moment insufficiently predictable.77 

BMPs have shown potent effects in stimulating perio- 
dontal tissue repair in several experimental animal model 



systems.1*S*3~78~7g In most of these studies of large critica 
size alveolar bone defects, bone and cementum were pre- 
dictably regenerated. Bowers et al. demonstrated signifi- 
cant periodontal regeneration in humans using DFDBA 
plus a partially-purified extract of BMP (osteogenin, also 
called BMP3). “Pin point” ankylosis was noted on sub- 
merged roots treated with DFDBA plus osteogenin.lg 
Human trials using recombinant molecules have been 
completed to examine the efficacy of BMP-2 or BMP-7 
for regeneration of chronic periodontitis lesions (from 
Genetics Institute, Cambridge, Massachusetts and Stryker 
Biotech, Hopkinton, Massachusetts, respectively). The 
results however have not been released at this time. To 
date, no local or systemic safety concerns have been 
noted in humans after local application of BMP-2 or BMP-7 
in periodontal osseous defects (unpublished data). 

Basic fibroblast growth factor (bFGF or FGF-2) is a 
member of a heparin-binding family that possesses 
potent angiogenic properties. FGF-2 is mitogenic and 
chemotactic for endothelial cells, fibroblasts80 and peri- 
odontally-derived cells.81 Among other origins, bFGFs 
are synthesized by inflammatory cells and are stored 
in the extracellular matrix by binding to heparan sul- 
fate proteoglycans. FGF-2 has been extensively stud- 
ied for its role in dermal wound healing both in pre- 
clinical and in human clinical trials.82 More recently, 
periodontal models reveal a potential benefit of FGF- 
2 for closure of class 3 fur-cations or for regeneration 
of intrabony defects. 6-8 To date, no human trials are 
ongoing using FGF-2 for periodontal repair to the 
knowledge of the reviewers. 

Granules of platelets are a source of PDGF but may 
be produced by many cell types. There are 4 isoforms 
of PDGF (-A, -B, -C, and -D), although all periodontal 
studies have investigated -A and -B chains.83 PDGFs 
exert multiple biological responses, including mitoge- 
nesis and chemotaxis of periodontal ligament fibrob- 
lasts,84 cementoblasts,85 and osteoblasts.86 

There is evidence that PDGF has potential for enhanc- 
ing periodontal wound healing. A single bolus delivery 
of PDGF alone or combined with insulin-like growth fac- 
tor-l (IGF-1) for a transient period appears to be suffi- 
cient to enhance the regenerative process. It has been 
suggested that this is due to the fact that many critical 
events involved in wound repair occur within the first few 
days.57 PDGF has also shown positive stimulatory 
effects on periodontal regeneration in preclinical non- 
human primate models58~60~62*87 and in a multi-center 
human triaL6’ PDGF-BB promotes periodontal regen- 
eration at the histologic level as published in two recent 
human case reports. 8818Q In addition, a multi-center 
human trial of 13 centers is ongoing with results due for 

evaiuation in late 2003 (from BioMimetic Pharmaceu- 
ticals, Franklin, Tennessee). 

&E 7‘ ~~-.?-T”rEk w$TRlX DEKivm-IvE 
One strategy for promoting periodontal regeneration is 
to mimic the specific events that occur on the develop- 
ment of supporting tissues during tooth organogenesis. 
It has been shown that inner cells from the Hertwig’s 
epithelial root sheath (apical extension of the dental 
organ) have a secretory stage prior to cementum forma- 
tion, suggesting that epithelial-mesenchymal interactions 
are essentia1 for formation of the periodontium.Q2pg3 In 
recent years, several clinical studies have been con- 
ducted using EMD for multipIe periodontal indications 
such as treatment of intrabony defects,*~25~52~55*65 in 
conjunction with GTR,34*42~45*46~52~56 in combination with 
bone grafts,92 together with gingival curettage,93 and for 
root coverage procedures.94*g5 Clinical trials comparing 
GTR with E.MD have generally found no evidence of a 
difference in clinical parameters in the treatment of intra- 
bony defects.34~3Q~45 In addition, GTR plus EMD has 
shown no additional effect in clinical parameters when 
compared to each component aione.45 Although this 
systematic review focused on the parameters with the 
most plentiful data (i.e., CAL and PD changes), it has 
been noted that EMD appears to be safe with single 
and multiple administration in terms of lack of elicitation 
of antibody responses or other local/systemic inflam- 
matory events.B*55 EMD stimulates bone regeneration 
as measured at surgical re-entry, radiographically, 
and histologically. 22*25~26*2Q*43~55 Furthermore, EMD has 
demonstrated notable consistency among the studies 
investigated in terms ,of superiority to controls (in gen- 
eral, OFD) and either equivalence or no significant 
differences between GTR. Thus, the evidence as deter- 
mined by this systematic review supports the utilization 
of EMD for periodontal osseous defects to promote CAL 
gain and PD reduction,. Nevertheless, long-term benefits 
of EMD have not been demonstrated, including those 
relevant to tooth survival. Future clinical protocols that 
provide detailed descriptions of defects that include 
patient-specific characteristics should assist in defining 
clinical indications for ‘EMD use as a part of periodontal 
regenerative therapy. 

AEVIEWERS c0HcLuS8oN§ 
1. There is evidence supporting the use of EMD 

for periodontal osseous defects to improve CAL and 
reduce PD, although iong-term benefits have not been 
established. 

2. EMD has demonstrated notable consistency 
among the studies investigated in terms of superiority 
to controls (in general compared to OFD). 

3. EMD appears to be safe for single and multiple 
administrations in terms of lack of eiicitation of antibody 
responses or other local/systemic inflammatory events. 
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4. PrecIir$cal and initial clinical data for growth 
factors appear promising but are insufficient to draw 
definitive conclusions at this time. 
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Members of the Section read and studied the review 
titled “Growth and Amelogenin-like Factors in Periodontal 
Wound Healing. A Systematic Review” by William V. 
Giannobile and Martha J. Somerman. The focused PICO 
question addressed by this evidence-based systematic 
review is: “In patients with periodontal osseous defects, 
what is the effect of growth and amelogenin-like factors 
(GAFs) compared with controls on clinicaI, radiographic, 
histologic, adverse, and patient-centered outcomes?” 

Two authors searched for preclinical and clinical 
studies in the English language utilizing MEDLINE, pre- 
MEDLINE, and the Cochrane Oral Health Group Trials 
Register (CUR) as the on-line databases. Publications 
up to April 2002 were selected based on qualifier ter- 
minology. A manual search was performed to include 
the International Journal of Periodontics and Restora- 
tive Dentistry, Journal of Clinical Periodontology, Jour- 
nal of Dental Research, Journal of Periodontal Research, 
and Journal of Periodontology. Following this, abstracts 
of articles derived from this broad search were screened 
and pertinent publications were further reviewed on 
full-text format. Final seIection was based on prede- 
termined inclusion and exclusion criteria. Section mem- 
bers evaluated the manuscript that summarized this 
information and in open forum evaluated the evidence 
and conclusions brought forth from this review. 

1. Does the section agree that the evidence-based 
systematic review is complete and accurate3 
The Section was in agreement that the systematic 
review was accurate and complete. The focused ques- 
tion was viewed as appropriate to address the content 
of the available evidence. 

2. Has any new information been generated 
or discovered since the evidence-based search 
cut-off date? 
A systematic review evaluating grafting biomateriais/bio- 
logical agents with open flap debridement (OFD) was 
reported by Trombefli et al., who used a meta-analysis 
to demonstrate the effectiveness of an enamel-matrix 
derivative (EMD) combined with OFD in treatment of 
deep intraosseous defects. The results of the analysis 

showed EMD promoted a significant improvement in 
cIinica1 attachment level (CAL) above controls.’ 

Three additional citations have been identified that 
support the conclusions of the current systematic review 
and provide new information on the potential mecha- 
nism of amelogenin-Iike factors: A randomized con- 
trolled clinical trial (RCT) by Yilmaz et aI.;2 A human 
histological study by Sculean et al.;3 and a preclinical 
investigation provided information on the potential 
mechanism of amelogenin in regulating behavior of 
cells within the periodontium.4 

3. Does the section agree with the interpretations 
and conclusions of the reviewers? 
The Section agreed with the interpretations and con- 
clusions of the review, 

1. There is evidence supporting the use of EMD for 
periodontal osseous defects to improve CAL and 
reduce PD, akhough .Iong-term benefits have not been 
established. 

2. EMD has demonstrated notable consistency 
among the studies investigated in terms of superiority 
to controls (in general compared to OFD). 

3. EMD appears to be safe for single and multiple 
administrations in terms of lack of elicitation of antibody 
responses or other local/systemic inflammatory events. 

4. Preclinical and initial clinical data for growth 
factors appear promising but are insufficient to draw 
definitive conclusions at this time. 

4. What further research needs to be done relative to 
the focused questions of the evidence-based review? 
It was the consensus of the Section that the following 
research needs should be addressed: 

1. Broadened sources (e.g., foundational, industrial, 
National Institiutes of Health) of support for random- 
ized controlled clinical trials to expand the knowledge 
base on these emerging technologies. 

2. Emphasis on defining the composition of the mate- 
rial being used and in understanding its mechanism of 
action. This information will aid in providing a sound 
rationale for its use and improving treatment outcomes. 

3. Conduct trials that compare emerging technolo- 
gies with current therapies (e.g., nonsurgical, resective, 
and regenerative). Increased emphasis should be placed 
on the magnitude of the outcome, treatment predictability, 
and adverse events (e.g., root resorption, root sensitiv- 
ity, ankylosis) to establish risk/benefit ratios. 

4. Perform prospective long-term (i.e., 3 years or 
longer) studies on treatment outcomes (e.g., CAL gains 
and PD reductions and bone level improvements) to 
determine their stability. 

5. Evaluate the effects of the treatment on patient- 
centered outcomes (e.g., comfort, esthetics, ease of 
maintenance, function, tooth retention, and systemic 
status) to enhance patient acceptance. 
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6. Investigate defect morphoIogic factors that influ- 
ence treatment outcomes to provide guidelines that 
enhance predictability. 

7. Identify the role of systemic risk factors, acquired 
or environmental (e.g., smoking, diabetes} in influ- 
encing treatment outcomes. 

8. Assess factors that affect clinical predictability 
(e.g., pre- and postsurgical patient management, intra- 
marrow penetration, flap design, FOOt preparation, oper- 

ator experience). 
9. Research on effective carriers/scaffolds for the 

delivery of bioactive factors and cells to promote peri- 
odontal tissue engineering. 

10. Controlled trials are needed to better under- 
stand the role of autologous platelet gel (i.e., platelet- 
rich plasma) for periodontal wound healing. 

11, Conduct multi-center, randomized controlled 
clinical trials using novel tissue engineering devices 
with bioactive factors. 

5. How can the information from the evidence- 
based review be applied to patient management? 
A. The evidence supports the use of EMD for peri- 
odonta1 osseous defects in patients to promote CAL 
gain and PD reduction. 

Level of Evidence? Strong. 
Rationale: Assignment of a “strong” level of evidence is 

based on 7 RCTs and a non-randomized controlled trial. 
B. The evidence supports the use of EMD for bone 

regeneration in patients as assessed by the following 
outcomes 

i. Surgical re-entry: . 
Level of Evidence: Moderate. 
Rationale: Assignment of this level of evidence is 

based on re-entry data shown in 1 RCT. 
ii. Radiographic: 
Level of Evidence: Moderate. 
Rationale: Assignment of this level of evidence is 

based on one muIti-center RCT. 
iii. Histologic: 
Level of Evidence: Limited. 
Rationale: Assignment of this level of evidence is 

based on 4 independent human histology case reports. 
C. The results of the systematic review suggest no 

evidence of a difference between EMD and barrier 
membranes relative to CAL gain and PD reduction. 

Level of Evidence: Limited. 
Rationale: Assignment of this level of evidence is 

based on 3 RCTs demonstrating nonsignificant differ- 
ences between groups. 

D. Initial available evidence supports the use of 
growth factors (i.e., bone morphogenetic proteins 
[BMPs] and platelet-derived growth factor IPDGF-BB]) 
to improve patient outcomes. 
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Level of Evidence: Limited. 
Rationale: Assignment of this level of evidence is 

based on the following: 1 RCT with human histology 
studying BMPs (i.e., osteogenin); I RCT for PDGF-BB 
combined with insulin-like growth factor- 1 (IGF- I), and 
2 case reports (with human histology for PDGF-BB). 

1. 

2. 

3. 

4. 

5. 

Trombelli L, Heitz-Mayfield L, Needleman I, Moles D, 
Scabbia A. A systematic review of graft materials and bio- 
logical agents for periodontal intraosseous defects. J Clin 
Periodontal 2002;29(SuppI. 3): 117- 135. 
Yilmaz S, Kuru B, Altuna-Kirac E. Enamel matrix pro- 
teins in the treatment of periodonta1 sites with horizon- 
tal type bone loss. J Clin Periodontol2003;30:197-206. 
Sculean A, et aI. Histologic evaluation of human intra- 
bony defects following non-surgical periodontal therapy 
with and without application of an enamel matrix deriv- 
ative. j Pertodontol2003;74:153- 160. 
Hatakeyama et al. RANKL-mediated osteoclastogenic 
pathway is elevated in amelogenin null mice. J Biol 
Chem 2003;278:35743-35748. 
Newman MG, Caton J, Gunsoliey JC. The use of the 
evidence-based approach in a periodontal therapy con- 
temporary science workshop. Ann Periodontal 2003;8: 
l-11. 

James T. Mellonig, Group Leader Everett B. Hancock 
Pamela K. McClain, Chair E. Barrie Kenney 
Paul S. Rosen, Secretary Angelo Mariotti 
William V. Giannobiie, Reviewer Michael P. Mills 
Martha J. Somerman, Reviewer Marc L. Nevins 
Gerald M. Bowers Mark A. Reynolds 

Horn-Lay Wang 



Mark A. Reynolds, Mary Elizabeth Aichelmann-Reidy, Grishondra L. Branch-Mays, and John C. GunsoIIey 

Department of Periodontics, Baltimore College of Dental Surgery, University of Maryland, Baltimore, Maryland. 

Background: Bone replacement grafts (BRG) are widely used in the treatment of periodontal osseous 
defects; however, the clinical benefits of this therapeutic practice require further clarification through a sys- 
tematic review of randomized controlled studies. 

Rationale: The purpose of this systematic review is to access the efficacy of bone replacement grafts in 
proving demonstrable clinical improvements in periodontal osseous defects compared to surgical debride- 
ment alone. 

Focused Question: What is the effect of bone replacement grafts compared to other interventions on clin- 
ical, radiographic, adverse, and patient-centered outcomes in patients with periodontal osseous defects? 

Search Protocol: The computerized bibliographical databases MEDLINE and EMBASE were searched from 
1966 and 1974, respectively, to October 2002 for randomized controlled studies in which bone replacement 
grafts were compared to other surgical interventions in the treatment of periodontal osseous defects. The 
search strategy included screening of review articles and reference lists of retrieved articles as well as hand 
searches of selected journals. 

Inclusion criteria: All searches were limited to human studies in English language publications. 
Exclusion criteria: Non-randomized observational studies (e.g., case reports, case series), publications 

providing summary statistics without variance estimates or data to permit computation, and studies with- 
out BRG intervention alone were excluded. 

Data Collection and Analysis: The therapeutic endpoints examined included changes in bone level, clin- 
ical attachment level, probing depth, gingival recession, and crestai resorbtion. For purposes of meta-analysis, 
change in bone level (bone fill) was used as the primary outcome measure, measured upon surgical re-entry 
or transgingival probing (sounding). 

Ivlain Results 
1. Forty-nine controlled studies met eligibility criteria and provided clinical outcome data on intrabony 

defects following grafting procedures. 
2. Seventeen studies provided clinical outcome data on BRG materials for the treatment of furcation defects. 
Reviewers’ Conclusions 
1. With respect to the treatment of intrabony defects, the results of meta-analysis supported the follow- 

ing conclusions: 1) bone grafts increase bone level, reduce crestal bone loss, increase clinical attachment 
level, and reduce probing depth compared to open flap debridement (OFD) procedures; 2) No differences 
in clinical outcome measures emerge between particulate bone ailograft and calcium phosphate (hydrox- 
yapatite) ceramic grafts; and 3) bone grafts in combination with barrier membranes increase clinical attach- 
ment level and reduce probing depth compared to graft alone. 

2. With respect to the treatment of furcation defects, 15 controlled studies provided data on clinical out- 
comes. Insufficient studies of comparable design were available to submit data to meta-analysis. Nonethe- 
less, outcome data from these studies generally indicated positive clinical benefits with the use of grafts in 
the treatment of Class II furcations. 

3. With respect to histological outcome parameters, 2 randomized controlled studies provide evidence that 
demineralized freeze-dried bone altograft (DFDBA) supports the formation of a new attachment apparatus 
in intrabony defects, whereas OFD resuks in periodontal repair characterized primarily by the formation of 
a long junctiona epithelial attachment. Multiple observational studies provide consistent histological evidence 
that autogenous and demineralized aIlogeneic bone grafts support the formation of new attachment. Limited 
data also suggest that xenogenic bone grafts can support the formation of a new attachment apparatus. In 



contrast, essentially aI available data indicate that 
alIoplastic grafts support periodontal repair rather 
than regeneration. 

4. The results of this systematic review indicate 
that bone replacement grafts provide demonstra- 
ble cIinica1 improvements in.periodontaI osseous 
defects compared to surgical debridement aIone. 
Ann Periodontot 2003;8:227-265. 

KEY WQWIX 
Clinical trials, controlled; comparison studies; 
grafts, bone; periodontal disease/surgery; 
periodontal diseases/therapy; outcomes 
assessment; review literature; meta-analysis. 

The complete and predictable restoration of the peri- 
odontium following trauma or infection remains a crit- 
ical objective in periodontics. Bone replacement grafts 
remain among the most widely used therapeutic strate- 
gies for the correction periodontal osseous defects. A 
wide range of graft materials have been applied and 
evaluated clinically, incIuding autografts, aIIografts, 
xenografts, and synthetic/semi-synthetic materials. * 
Moreover, observational and controlled studies gener- 
ally document improvements in clinical parameters 
following placement of graft materiaIs29 Comprehen- 
sive reviews of the literature, however, have yielded dif- 
ferent interpretations regarding the clinical benefits of this 
therapeutic practice. I-3 Moreover, there is 8n appreci- 
ation that regenerative outcomes remain somewhat 
inconsistent and are likely dependent on multiple factors1 

The primary objective was to assess the efficacy of 
bone repIacement grafts in the treatment of periodon- 
tal osseous defects relative to open flap debridement 
as well as other surgical therapies. 

The purpose of this systematic review, therefore, was 
to address the following focused question: In patients 
with periodontal osseous defects, what is the effect of 
bone replacement grafts compared to other interven- 
tions on clinical, radiographic, adverse, and patient- 
-entered outcomes? 

SEAECH F?OTOCOL 
Data Sources and Search Strategies 
The bibliographical databases MEDUNE and EMBASE 
were searched from 1966 and 1974, respectively, to 
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October 2002 for studies in which bone replacement 
grafts were compared ‘to other surgical interventions in 
the treatment of periodontal osseous defects. The 
search was limited to human studies in English Ian- 
guage Publications using the search strategy and terms 
summarized below: 

Field 1: Bone graft, bone replacement graft, auto- 
genous, autogenous bone graft, bone matrix, ailo- 
genie, allogenic bone graft, osseous autograft, osseous 
graft, osseous composite graft, allograft, bone allograft, 
osseous allograft, cancellous bone allografi, freeze-dried 
bone, demineralized freeze-dried bone, bovine bone, 
Bio-Oss, synthetic graft, polymer, calcium carbonate, 
ceramic, bioglass, bioactive glass, Perioglass, Biogran, 
Unigraft, hydroxyapatite, hydroxyapatite, porous HA, 
HA, durapatite, coralline calcium carbonate, calcium 
carbonate, polymethylmethacryIate, hydroxyethyl- 
methacrylate, calcium ,polymer, beta-tricaicium phos- 
phate, tri-calcium phosphate, tricalcium phosphate, TCP 
graft, HTR polymer, Periograf, periodontal regeneration, 
PepGen- 15. 

Field 2: Periodontal defect, i&-a-bony, intrabony, infra- 
bony, infrabony, intra-osseous, intraosseous, vertical 
defect, vertical lesion, furcation, furcations, furcation 
lesion, furcation invasion, compfication, surgical com- 
plication, postoperative complication, surgical wound 
infection, gingival recession 

AI1 root words were searched with a truncation sym- 
bol, permitting identification of all forms, including plu- 
rals, etc. 

EMBASE was searched using more restrictive the- 
saurus terms (bone grafts; periodontal) and key root 
words (intrabony, infrabony, intraosseous, and furca- 
tion) for publications not cataloged in MEDLINE. 

These searches were supplemented by screening 
review articles and reference lists of retrieved articles 
as well as hand searches of the international Journal 
of Periodontics and Restorative Dentistry, Journal of 
Clinical Periodontology, Journal of Periodontology, and 
Journal of Periodontal Research. 

The search strategy attempted to directly identify 
all recognized BRG materials through the inclusion of 
keywords (e.g., tricalcium phosphate). 

Selection Criteria 
Inclusion criteria: Al1 searches were limited to human 
studies in Engiish language publications. 

Exclusion criteria: Exclusion criteria included non- 
randomized observational studies (e.g., case reports, 
case series), publications providing summary statistics 
without variance estimates or data to permit compu- 
tation, and studies without a BRG intervention alone. 
This review did not consider studies in which graft 
materials were used in combination with biological 
mediators, such as bone morphogenetic proteins or 
enamel matrix derivatives. Root surface biomodifica- 



tion with citric acid, tetracycline, or ethylenediaminete- 
traectic acid (EDTA) was not an exclusion criterion. In 
addition, this review considered systematic reviews of 
randomized cIinica1 trials, cohort studies, and case- 
control studies as well as critical reviews of the litera- 
ture examining BRGs in the treatment of periodontal 
osseous defects. 

Data Collection and Analysis 
Citations were independently reviewed by two inves- 
tigators (MAR; MEA-R), and publications identified 
as potentially reIevant were retrieved for review. The 
retrieved articles were reviewed with respect to method- 
ology and inclusion by 3 investigators (MAR, MEA-R, 
and GB-M). 

Two investigators (MEA-R and GB-M) independently 
abstracted data pertaining to study design, methodol- 
ogy, analysis, and results. Issues of interpretation and 
discrepancies in data sets were resolved through dis- 
cussion. Data abstraction forms were reviewed for 
accuracy (MEA-R, GB-M, and MAR) prior to entry into 
an electronic data base for analysis. Assessment of 
study quality included documentation of the following 
investigational and design parameters: experimental 
protocol, randomization, masking, and standardization 
of outcome measures. 

Quality Assessment 
All studies submitted for meta-analysis were identified 
as randomized controlled trials. Methodological qual- 
ity was reviewed primarily with respect to randomiza- 
tion, examiner masking, and description of withdrawals. 
ProbIematic for most reports was an absence of suffi- 
cient detail regarding method of randomization, exam- 
iner masking, and subject withdrawal. Additionally, 
reports often failed to provide adequate information 
related to examiner calibration and standardization of 
outcome assessments, 

Outcomes: With respect to clinical outcome para- 
meters, study selection was restricted to randomized 

. controlled clinical studies in which a bone replacement 
graft was compared to open flap debridement (OFD), 

*, a different BRG, or other surgical modality (e.g., guided 
“s,tissue regeneration) for the correction of intraosseous 

and furcation defects in patients with periodontitis. With 
respect to histological outcome parameters, only stud- 
ies providing data based on excisional biopsy speci- 
mens that included the region of the periodontal osseous 
defect and adjacent tooth were included in the review. 

Clinical outcome measures were categorized as short- 
term (512 months) or long-term (23 years). The ther- 
apeutic endpoints examined in the systematic review 
included changes in bone level, clinical attachment level, 
probing depth, gingival recession, and crestal resorption. 
Other potential secondary outcome measures were 
sought in the review, such as change in level of oral 

hygiene efficacy/compliance (based on indices of gin- 
gival inflammation and/or bleeding), incidence of dis- 
ease recurrence, and incidence of tooth loss. 

For purposes of the meta-analysis, change in bone 
level (bone fill) was used as the primary outcome mea- 
sure. Direct clinical measurements via surgical expo- 
sure or transgingival sounding4-7 were considered for 
the assessment of intrabony defect level. Secondary 
outcome measures included crestal resorption (mea- 
sured at surgical re-entry), clinica attachment level, 
probing depth, and gingival recession. 

Data analysis: Tkie synthesis of data for outcome 
measures was based on the experimental design. Mean 
scores and variance .estimates for outcome measures 
were obtained directly from summary statistics or cal- 
culated from data tables. Studies were weighted in the 
analysis according to the number of subjects con- 
tributing defect sites in each intervention arm or group. 
Studies with multiple interventions could contribute more 
than one treatment group or arm to the analysis. Mul- 
tiple defect sites from the same subject were averaged 
to provide a “pooled” estimate of the true outcome 
value for the individual. Thus, the subject rather than 
site was used as the unit of measure for purposes of 
weighting estimates of treatment effect. 

The mean and variance estimates for changes in out- 
come measures were extracted from the full manu- 
scripts or, when not reported, calculated from raw data 
where possibie. The effect size for each study was cal- 
culated as the mean difference between treatment and 
control groups divided by the pooled standard deviation. 
The data were analyzed using a standardized difference 
as described by Fleiss. 8 Data were submitted to both 
random- and fixed-effects models, which yielded con- 
sistent results. Heterogeneity was examined using both 
Cohens’ d (unadjusted)g and Hedges’s g (adjusted} sta- 
tistics.‘O A lack of heterogeneity was accepted only 
when both tests yielded nonsignificant statistics. The 
data were analyzed using a method that was first 
described by Mantel and Haenszelr’ and subsequently 
adapted for meta-analysis. r2J3 The results were con- 
firmed by Peto’s method for combining odds ratios.14 
Data were analyzed using a statistical software program. 

Prior to statistical analysis, graft materials were cat- 
egorized on an a @on’ basis into one of the following 
cateogories: autogenous, ailogenic, xenogenic, calcium 
phosphate ceramic (porous/nonporous hydroxyapatite; 
HA), bioactive glass (silicates), and other (coralline cal- 
cium carbonate, polyIa&ic acid, polymethylmethacrylate, 
poIyhydroxylethylmethacrylate, and calcium hydroxide 
polymer). 

Study Characteristics 
The computerized search strategies located 1,299 cita- 
tions, of which 134 were screened for potentially meet- 

770 
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able 1. 

Studies Excluded from Me&a-Analysis 

R.efererce Rationale for Exclusion* 

Chodt-OF;& AmmonsiS I984 lnctus’on of zero wail d&em . 

GalgutetaLi6 1990 Outcome measures evaluated by 
Net-y et aLI I990 radiographic data 

Toback et al, I8 i 999 Radiographic comparison to 
previously reported re-entry 
results 

Su-ub et al ‘s 1979 
Ft-oum et al lL: I 975 

Sanders etaI.” I983 
Hiatt et aLz?- I986 
Qutntero et al.‘j I982 
Costa et aLZG I 994 
Schallhorn et aI?: I970 
Meilonig erai.” 1976 
Yukna and Sepel;’ 1982 
Yukfla2” I989 

Sepe et al.z9 I978 

Nielson ?t al j0 I 98 I 

Bowers ey al 3 i 989 

Yukna et alp2 I984 
Yukna et al 33 2002 
Yukna et ai:34 I989 

Vanance estimates not provided 

Non-randomized study/or case 
series 

Categorical outcome measures 

Comparable osseous data no? 
included 

No clmlcal evaluations provided 

Longitudinal follow-up 

* More than one exclusion criterion may apply. 

ing inclusion criteria. Eighty-four articles were abstracted, 
and 2015-34 (Table 1) were excluded during the selec- 
tion process. A review of publication references revealed 
2 master’s theses35a36 that met eligibility criteria. 
Sixty-six randomized controlled trials were retained 
for review and possible submission to meta-analysis. 
Forty-nine randomized controlled studies met eligibil- 
ity criteria and provided clinical outcome data on BRG 
materials in the treatment of intrabony defects.6>37-84 
Similarly, 17 studies provided clinical outcome data 
on BRG materials for the treatment of furcation 
defects 35,36,45,48,58,85-96 

BRQ Versus OF119 
Initial and subgroup analysis. Table 2 summarizes 
the available studies that provide an OFD inter- 
vention arm or group for comparison with a BRG 
material. The BRG materials examined in these 
studies were as follows: autogenous bone,47t70 allo- 
genie bone 6,37,39,40,42,58-60,62,63,75,82 calcium phos- 

phate (hydioxyapatite)’ ceramic (porous/nonporous 
HA),53*56*61,6g,7g bioactive gIass,48T65,67172 coralline 
calcium carbonate,55l63T81 polylactic acid,60 polymethyl- 
methacrylate, polyhydroxylethyl-methacrylate, and 
calcium hydroxide ‘polymer,80 hydroxyapatite 
cement,42 and HA-glycosaminoglycan.54 

In the initial meta-analysis, studies were cate- 
gorized on an a prioti basis into one of the fol- 
lowing cateogories: autogenous bone,47>70 allogenic 
bone 6,37,39,40,42,58-60,62,63,75,82 calcium phosphate 

ceramic (CER),53~56~61~6g*7g bioactive glass,48165*67f72 
and other. The latter cla,ssification was heterogeneous 

Characteristics of RCT Studies Comparing Bone Replacement Grafts with Open Flap 
Debridement in the Treatment of intrabony Defects 

Reference Sic+ Descriptron 

Randomized. paired defects 

Randotntzed. wrhn subtec : I?:’ sce’r 

Population Age 
Assessment 

interval 
Hard Tissue 
Assessment 

Altiere et al.;’ I 979 

Blu,R-eilti?al & 
Steinberg’” i 490 

Mean: 37 years 

34-57 years 

! 2 months 

I2 months 

Re-entry 

Re-entry 

Borghetti et al!O I993 

,Y 51-3 ,.\‘y el FL:./ :.: j 9?3 

Cart-aro et al.‘4 I976 

Randomized, paired defects 

* - $pe. q”,rJ~TL’-: FT.5 qL; ;1fl”er;j 

Randomized, between subjects 

Mean: 47 years 

~?A; ,eyj. r-lea::, _: L’ ..: I, S?J.j 

22-67 years: mean: 45 years 

I2 months 

!: -n3- +j 

I2 months 

Re-entry 

&-e”:r) 

None 
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my definition and included studies examining coralline 
calcium carbonate;55,63181 polylactic acid;60 poiymethyl- 
methacrylate, polyhydroxylethyl-methacrylate, and cal- 
cium hydroxide (PMMA/PHEMA/CaOHz) polymer;80 
hydroxyapatite cement;42 and HA-gIycosaminoglycan.54 

Treatment effects and heterogeneity within BRG 
classifications were first examined with respect to the 
primary outcome measure, change in bone level. The 
initial analysis revealed significant and consistent treat- 
ment effects within the autogenous, allogenic, and cal- 
cium phosphate ceramic groups (Fig. 1; page 236). 
These positive treatment effects indicate that grafting 
with autogenous bone, allogenic bone, and calcium 
phosphate ceramic (HA) results in a significantly greater 
change (increase) in bone level than OFD procedures. 

A non-significant effect was obtained in the bioac- 
tive glass group (P 50.10), although significant het- 
erogeneity was found across studies (P 50.006). The 
inconsistency in effect was attributable to one study,65 
which reported a more favorable change in bone fill fof- 
lowing an OFD procedure. The other studies have doc- 
umented reiatively greater increases in bone level fol- 
lowing grafting with bioactive glass than with OFD 
alone.48l72 

The BRG group designated “Other” (OTI-I) yieIded 
significant treatment effect; however, this effect was 

,ncorisistent (P10.003) across studies. W ith the excep- 
tion of 2 studies,42p60 changes in bone level were found 
to be more favorable following grafting than OFD pro- 
cedures. Comparatively poorer resultant bone levels 
were reported following grafting with polylactic acid60 
and HA cement4* relative to an OFD procedure. 

Graft materials within the aIIogenic category were 
subgrouped a priori because of differences in bone 
procurement and processing as well as potential dif- 
ferences relative to the primary outcome measure; 
namely, change in bone level. Three subgroups were 
compared in the analysis-fresh frozen, freeze-dried 
bone allograft (FDBA), and demineralized freeze-dried 
bone allograft (DFDBA) (Fig. 2; page 237). Tests of 
heterogeneity were not significant either within sub- 
groups or coltapsing across subgroups. Significantly 
greater bone level improvements were found for both 
DFDBA and fresh frozen allografts compared to OFD 
procedures. However, FDBA was not associated with 
significant improvemerits in bone level. Collectiveiy, 
these data support the efficacy of both DFDBA and 
fresh frozen allografts with respect to improvements 
in bone fill in intrabony defects. Noteworthy is the fact 
that there were only 2 studies with a combined sam- 
ple size of 34 observations examining FDBA to an 
OFD procedure. Finally, ‘since the tests of heterogeneity 
were not significant for allografts, the studies were 
retained for analysis of the remaining clinical outcome 
variables. 

The initial meta-analysis yielded an overall signifi- 
cant (P~$O.001) but inconsistent (PsO.003) treatment 
effect, when collapsing across BRG categories. The 
next step in the analysis was to explore the sources of 
heterogeneity, particularly with respect to the category 
of “Other” BRG materials. The “Other” classification 
was broadly defined to permit inclusion and compar- 
ison of studies not included in the remaining BRG cat- 
egories. Studies of coralline calcium carbonate within 

Table 2. (crPntinued) 

Characteristics of RCT Studies Comparing Bone Replacement G rafb w ith Open Flap 
Debridement in the Treatment of Intrabony Defects 

Ourcome Assessments 

Examiner Masking inrerventions VDD Location/Funding 



Characteristics of KT Studies Comparing Bone Replacement Grafts with Open Flap 
Debridernent in the Treatment of llntrabony Defects 

Reiereiice 

Flenmig et aL6 I998 

FI-oum 21 ai.“- I Y76 

Froum et al?8 I998 

Galgut et ai?O I992 

ic,enncy ei ,/,sz ! 985 

Kilic et al?4 I997 

Study Description 

Randomized, paired defects 

FhdOKitZed. beween sLlb/ecE 

Randomized, paired defects 

Randomized, pai-ed defects 
(selected data from sites >6mm) 

Population Age 
HardTissue 
Assessment 

Mean: 47.3 C 4. I years 

23-i& \.c1’- ,,CIrl> 

Mean age: 43 years 

6 months Sounding 

Re-em-y 

I2 months Re-entry 

33-59 years: years mean: 42.5 

Mean: 38.36 i 9.87 years 

35-60 years 

I2 months None 

Rmdom~zed. paired defects 

Randomized, paired defects 

6 months Se-eniry 

6 months Radiographic, 
sounding 

Kim et aLs5 I996 Randomized, between subjects 

Masters et aks9 I996 Randomized, paired defects 

Ranaonwec Daired defects 

Meffert etaLo’ 1985 

Mellon@ et al!2 I984 

Randomized, paired defects 

Movin & Bowing-Maliep 
1982 

Randomized and parallel groups 
between subjects 

Ong et al.6’ I 998 Randomized, parred defects 

Randomized, paired defects and 
parallel arms between subjects 

23 to 60 years: mean: 39.3 

13-26 years; mean: I 8.7 t 
13.8 years 

35-61 years 

28-58 years, mean: 42 

19-25 years: mean: 28 years 

35-67 years: mean: 49. I 

6 months 

6 ~VOi?ihS 

I2 months 

I2 months 

6 months 

9 mot-& 

6- I3 months 

9- I3 months 

Sounding -. 

Re-eniry 

Re-entry 

Re-entry 

Re-entry 

Radiographic 

Re-entry 



r&k.! a. (continued) 
Characteristics of RCT Studies Comparing Bone Replacement Grafts with Open Flap 
Debridement in the Treatment of Intrabony Defects 

Outcome Assessments 

Examiner Masking PD CAL REC CR VDD Location/Funding 

Yes. single examiner 

NS 

NS, single examiner 

NS. single examiner 

No 

Clinical: angle examiner: 
NS. :-adisgi-aphrc. 

4 wm+w-s. ves 

Yes 

NS 

NS 

NS; Sara exam!ner 
al! flxizw-es 

No 

Yes: single examiner 

Allograft (AAA bone)/covered with fibrinogen 
OFD 

Ad~ogenous iosseous coagulumj 
OFD 

Bioactive glass 
OFD 

HA (particulate) 
OFD 

HA (porous. b!ock) 
OFD 

;iA-coiiager-~oamer jePTFE) 
Yemoraqe !ePTFE) 
HA coiiagea iHA-glvcosaminoglycan)~inogl~ca~) 
3FC 

Membrane (ePTFE) 
Coralfine calcium carbonate 
Coralline calcium carbonate/ePTFE barrier 
OFD 

HA (porous particulate) 
HA (nonporous, nonresot-t;able. pat-ticuiate) 
OFD 

DFDBA/TET 
DFDBA 
OFD 

DFDGA 
PLP. 
OFD 

DFDBA 
OFD 

Autogenous cancellous bone 
Afiogenic jeminelalizecl dentin 
OFC 

Bioactive glass 
OFD 

Yes 3 months 
only 

No NO 

Yes Yes 

Yes Yes 

Yes %S 

Yes Yes 

Yes Yes 

Yes No 

‘Yes Y& 

Yes Yes 

Yes No 

No NO 

Yes Yes 

ye;; _ Yes 

No Yes 

Yes Yes 

NO No 

No’ No 

Ye5 Yes 

Yes No 

No Yes 

Yes No 

YeS No 

No Yes 

Yes Yes 

Yes Yes 

Ye5 Yes 

No 

Yes 

Yes 

Yes 

Yes 

No NO 

Yes Yes 

Yes 

Ye5 

Yes 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

Yes 

Yes 

yes 

NO 

Yes 

University/NS 

WJNS 

Unlvers4vI 
industry 

University/ 
industry 

NS/industry 

University/ 
industry 

UnivetxiyiNS 

UniversQ/ 
foundation 

Navy/navy 

Navy/navy 

University/ 
Industry 



Characteristics of RCT Studies Comparing Bone Replacement Grafts with Open Flap 
Debridement in the Treatmerkt of Hntrabony Defects 

Reference Study Description Population Age 
Assessment HardTissue 

interval Assessment 
- 

Park et al.j7 200 I Randomized, between subjects 

Pearson ei: at.&” I98 I Randomrzed, bewieen subjects and 
paired defects 

Rabalais et aI?’ I 98 I 

Rem/et-t et aLi I985 

Rosenberg et aL7’ 2OCKl 

Schrad &Tussing75 I986 

SChUii et al.‘” 2000 

Yukna et al.*’ 1994 

Y&m etal.80 I990 

Yukna et ai” I V85 

Yukna et aLE2 1998 

Zanier et aL6’ I997 

Randomized, split-mouth or alternating 
defect design 

Wrthin patient comparison of multiple defects; 
3 operators with variable technique 

Randomized, paired defects 

Randomized, within subjects by quadrants 

Randomized. parallel arms between 
subjects 

Radomized. paired defects 

Randomized, within subjects by 
alternating defects 

Randomized, within subject (multiple 
paired defects) 

Randomized. paired defects 

Randomized, paired defects, and 
multi-centered 

Randomized, paimd defects 

28-67 years; mean: 43.9 f 
9.0 y2ars 

18-47 years 

32-65 years 

26-66 years 

Mean: 4 I 

3 l-56 years; mean: 4 I years 

NS 

18-65 years 

32-7 I years; mean: 47.2 C 
I I .2 years 

29-69 years; mean: 40.6 years 

3 I-65 years: mean. 43.5 years 

35 to 65 years 

23 to 55 years 

6 months 

6- I 3 months 

6 months 

I2 months 

6 months 

I2 months 

I I months 

I2 months 

6- I2 months; 
mean: 6.9 
months 

6 months 

I2 months 

6-7 months 

I2 months 

Sounding 

RadIographIc 
selected 
i-e-em-y 

Re-entry 

Sounding 

Re-entry 

Re-entry 

None 

None 

Re-entry 

Re-entry 

Re-entry 

Re-entry 

None 

Abbreviations: AAA = autolyzed, antigen-extracted, allogenic; CAL = clinical attachment level; CR = crestal resorption; DFDBA = demineralized freeze-dried 
bone allograft; ePTFE = expanded polytetrafluoroethylene; FDBA = freeze-dried bone allograff, HA = hydroxyapatite; OFD = open flap debrldement; NS = not 
stated; P-15: peptide-15; PLA = polyl&tIc acid; PMMA/PHEMA, CaOH2 = polymethyl-methacrylate + polyhydroxyl-ethylmethacrylate + calcium hydroxide; 
REC = gingival recession; IET = tetracycline: VDD = vertical defect depth. 

this category were identified a priori for subgroup ment effect. The analysis suggests that coralline cal- 
analysis. cium carbonate (subgroup 2) represents the only con- 

Figure 3 (page 237) summarizes the results for the &tent treatment effect in this category, which was sig- 
subgroup analysis of changes in bone level for studies nificant (P <O.OOl) and consistent (P = NS). Of the 3 
in the category. The overall analysis yielded a modestly other graft materials, only PMMA/PHEMA/CaOH~ poly- 
significant (PsO.O5), but heterogeneous (P ~0.001) treat- mer80 was found to improve bone levels relative to 



Characteristics of RCT Studies Comparing Bone Repkxement Grafts with Open Flap 
Debridement in the Treatment of Intrabony Defects 

Examiner 
Masking PD 

Outcome Assessments 

CAL REC CR VDD Location/Funding 

Yes 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

Yes 

Yes 

Bloaclive gk5s 
OFD 

DFDBA 
OFD 

HA (particulate) 
OFD 

Autogenous canceilous 
OFD 

Bioacrive glass 
OFD 

Ailogenic (iliac bone and marrow) 
OFD 

OFD 
Cordfline calcium carbonate 

OFD 
PMMAIPHEMAKaOH2 polymer 

Coralline calcium carbonate 
OFD 

PMMAlPHEMAICaOH, polymer 
OFD 

HA, ceramic particulate 
OFD 

HA-P- I5 (bovine) 
DFDBA 
OFD 

Bioabive g!ass 
OFD 

Yes 

No 

Yes 

No 

No 

Yes 

YeS 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes No 

No No 

Yes Yes 

No NO 

Yes No 

Yes Yes 

No No 

Yes 

YeS 

No 

Yes 

Yes Yes 

Yes 

Yes 

Yes 

Yes 

NO NO 

Ye5 

Yes 

YeS 

Yes 

Yes 

Yes 

No 

No 

Yes 

Yes 

Yes 

Yes 

NO 

University/NS 

University/NS 

University/ 
industry 

University/NS 

University/ 
industry 

University/NS 

University/ 
industry 

University/ 
industry 

Private ptactice & 
university/ 
industry 

Private practice & 
university/ 
industry 

Universiityi 
industry 

Universii & 
private 
practice/ 
industry 

Univers&y/ 
industry 

OFD.42@ Moreover, there was no more than one study 
contributing outcome data for each graft material. Con- 
sequently, these studies were dropped in the final analy- 
sis.423460,~ 

Final analysis. Tables 3 and 4 (page 238) summa- 
rize the weighted and unweighted mean differences for 
outcome measures in the final meta-analysis compar- 
ing grafts with open flap debridement procedures. 

Bone level: The final meta-analysis revealed signif- 
icant effects for changes in bone level in all BRG 

categories, except bioactive glass, with significant het- 
erogeneity (P<O.OOl) for the combined groups (Fig. 4; 
page 239). Although the treatment effect for autoge- 
nous bone grafts was intermediate in size relative to 
the other BRG categories, only 2 studies contributed 
data for autografts in this analysis (Pr0.58). Significant 
heterogeneity was found in the calcium phosphate 
ceramic group (P <0.04), autogenous bone group (P 
5~0.004), and the bioactive glass group (P 50.006). With 
the exception of the bioactive glass group, heterogeneity 
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Graft 

ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 

Random ALL (13) 

AU-T 
AlJT 

Random AUT (2) 

CER 
CER 
CER 
CER 
CER 
CER 

Random CER (6) 

GLA 
GLA 
GLA 
GLA 

Random GLA (4) 

OTH 
OTH 
OTH 
OTH 
OTH 
OTH 
OTH 

Random OTH (7) 

Random Combined (32) 462 454 0.933 916 0.000 

Reference 

Altiere3’ 1979 
Yuknaa2 1998 
Master9 1996 
Brow# 1998 
Mabry” 1985 
Flemmig’ 1998 
Master? 1996 
Mellonig” 1984 
Schrad’$ 1986 
Mora= 1995 
BorgheW 1993 
MeadowsW 1993 
Blumenthal 1990 

Renvert“’ 1985 
Froum” 1976 

Krejc? 1987 
Yukna7e 1985 
Krejci” 1987 
KenneyU1985 
Rabalais= 1981 
MefferV’ 1985 

Ongs5 1998 
Park” 2001 
Froum* 1998 
Rosenbergn 2000 

Brown” 1998 
Meadowsa 1993 
Kili(? 1997 
MoraQ 1995 
YuknaSO 1990 
K im” 1996 
Yukna*’ 1994 

Nl 

9 
31 
15 

8 
8 

11 
15 
11 

6 
10 
10 
IO 
IO 

154 

:i 
47 

12 
13 
12 
25 

1; 
82 

13 14 -0.720 27 0.065 
38 38 1.175 76 0.000 
16 16 1.406 32 0.000 
12 6 2.005 28 0.001 
79 74 0.926 153 0.086 

16 
10 
10 

pd2 Effect 

9 - 0.075 
31 0.362 
15 0.508 

8 0.506 
8 0.525 

11 0.560 
15 0.593 
11 0.960 

6 0.926 
IO 1.106 
10 1.444 
10 1.662 
10 1.798 

154 0.746 

M  Total P  Value -2.00 -1 .oo 0.00 1.00 2.00 

18 0.870 
62 0.154 
30 0.164 
16 0.303 
16 0.285 
22 0.187 
30 0.106 
22 0.030 
12 0.113 
20 0.019 
20 0.003 
20 0.001 
20 0.001 

308 0.000 

19 0.611 38 0.062 
28 1.944 56 0.000 
47 1.279 94 0.058 

12 0.499 24 0.219 
13 0.723 26 0.069 
12 0.983 24 0.02T 
25 1.526 50 0.000 

8 1.604 16 0.004 
12 2.548 24 0.000 
82 1.246 164 0.000 

8 -0.622 

:: 
-0.282 

0.230 

:': 
1.062 
1.264 

:i 
1.605 
2.195 

97 0.792 

24 0.151 
20 0.519 
20 0.598 
20 0.023 
42 0.000 
31 0.000 
40 0.000 

197 0.042 

- 

- 

- 

Control 

- 

- 

- 

Graft 

F’~ui-e I. 
lnrtrol metwnolysis ofchonge in bone level (defect fill) in randomized controlled clinical studies comparing BRG to OFD in the treatment ofintrabony 
de&ts. Abbreviations ALL = ollograft;AUT = autograft; CER = calcium phosphate (hydroxyapotite) ceramic; GL4 = bioactive glass; and 01/-f = other: 

in subgroups was generally associated with positive 
treatment effects across studies. W ithin the bioactive 
glass group, only one study65 reported a negative result 
for graft compared to an OFD procedure. This final 
analysis supports significant and consistent effects for 
all subgroups except for the bioactive glass group. Also, 
when the bioactive glass group was eliminated from 
the combined analysis, the combined analysis was sig- 
nificant and consistent. 
/ Crestal bone loss (CBL): A  significant treatment effect 
jvas obtained for CBL in the overall anaIysis, indicating 
that OFD was associated with greater crestal resorp- 
tion than after graft placement (Fig. 5; page 240). The 
results of the overall analysis support the hypothesis 
that BRG grafts significantly reduce CBL when com- 

pared to OFD procedures. Although crestal bone loss 
was generally Iess in each BRG category, the treatment 
effect was only significant for the bone allograft and 
coralline calcium carbonate groups. Similar but non- 
significant effects were observed in the bioactive glass 
and autogenous bone groups, presumably failing to 
reach statistical significance most likely due to small 
sample sizes. Significant heterogeneity was again found 
in the bioactive glass group (PsO.05). In summary, this 
analysis supports the hypothesis that grafting materials 
reduce the amount of CBL. 

Clinical attachment level (CAL): A  significant treat- 
ment effect was obtained for CAL in the overall analysis 
and in each BRG category, indicating that grafts were 
associated with greater Attachment level gains than OFD 



Subgroup 

DFDBA 

Reference 

YuknasZ 199% 
Masters? 1996 
Brown” 1996 
Flemmig’ 1998 
Masters” 1996 
MeltonigW 1994 
MOE? 1995 
Meadows” 1993 
Blumentha? 1990 

HI PJ2 Effect NTotal 

31 31 0.362 62 
15 15 0.508 30 

118 11 8 0.560 0.506 ;: 

;: :: 0.593 0.960 :ii 
1.106 20 
1.662 20 

12110 2 0.771 1.798 2:: 
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Figure 2. 
Subgroup meto-analysis of change in bone level (defect f@ randomized controlled clinical studies comparing allogroft (Graft) to OFD (ControD in the 
treatment of intrubony defects. Abbreviations: DFDBA = demineralized freeze-dried bone ollogrufi FDBA = freeze-dried bone of/ogroft 
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Figure 3. 
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procedures (Fig. 6; page 241), The results of the analy- Probing depth (PD): A  significant treatment effect 
sis support the hypothesis that BRG grafts significantly was obtained for PD in the combined analysis, reflect- 
enhance gains in CAL compared to OFD alone. The ing an overall larger, consistent (heterogeneity, NS) 
treatment effects were consistent both across and within reduction in PD that was consistent, when collapsing 
groups, with nonsignificant tests for heterogeneity in all across BRG groups (Fig. 7; page 242). Significant and 
cases. consistent effects also were shown for the allograft, cal- 



CinweigMed Mean Differences in Outcome Measures Comparing BRG and OFD Procedures 
in Meta-Analysis 

Clinical Attachment 
Level Probing Depth Recession Crestat Resorption Bone Fill 

BRG N Mean&SD N Mean-C SD N Mean -+ SD N Mean rt SD N Mean rt: SD 

ALL I2 0.50 4 2.03 IO 0.46 4 2.26 7 -0.08 + I .56 I 1 -0.45 + I .35 I3 I. I4 rt I .94 

AUT 3 0.8 I 4 I .57 I 0.60f 1.35 - I -0.32 + I .38 2 I .46 + I.50 

CER 6 0.9Ozk2.14 7 0.60 f 2.03 2 -0.l I f 1.25 5 -0.20 I 0.96 6 1.37+_ 1.64 

COR 4 0.98 4 I .76 4 0.08 k 2.05 3 -0.171 1.33 2 -0.X + 0.50 3 2.07 z!z I .79 

GLA 4 I .06 f I .87 4 0.7 I f 2.24 3 -o.iiIk I54 2 -0.10+0.93 4 1.62+ 1.30 

Abbreviations: ALL = allografE; AUT = autograft; CER = calcium phosphate ceramics; COR = coralline calcium carbonate: GLA = bioactive glass, N = number of 
study groups/arms. 

Table 4. 

Weighted Mean Differences in Outcome Measures Comparing Bone Replacement Graft 
and Open Flap Debridement !Procedures in Meta-Analysis 

Ciinicai Attachment 
Level Probing Depth 

BRG Vfl- Mean&SD WT Mean + SD 

Recession Cresd Recorptlon Bone Fill 

WT Mean it SD WT Mean + SD WT’ Mean rt SD 

ALL 136 0.44 -fr 2.25 127 0.43 f 2.25 84 -0.01 z!z 1.65 134 -0.43 -+ I .38 154 I.06 Z!I I .97 

AUT 51 0.72 + I .82 19 OhOk 1.35 28 -0.32 f I 38 47 1.62k 1.53 

CER 58 I .20 z!Y 2.22 90 0.74 f 2. I2 46 -0. I 6 + I .34 74 -0.19 20.98 82 I .58 zk I.77 

COR 60 0.9 I F I .94 60 0.09 3~ 2. I 6 48 -0.25 i I .34 30 -0.30 i 0 62 48 2.2 I zk I .82 

GLA 78 i .05 t I .89 88 0.7 f Ifr 2.22 68 -0.285 I.81 30 -0. I3 iz 0.94 74 I .6 I + I .47 

Abbreviations: ALL = allog& AUT= autograft; COR = coralline calcium carbonate: GLA = bioactive glass; WTz weight (denotes the total number of subjects 
across studies who contributed observations toward each outcome measure). 

cium phosphate ceramic, and bioactive glass groups 
(heterogeneity, NS). Evaluation of PD in the autoge- 
nous group was not possible, with only one study con- 
tributing data for this outcome measure. The coralline 
calcium carbonate grafts were the only BRG category 
that exhibited a non-homogeneous group of studies (P 
10.001), with a nonsignificant treatment effect. The 
heterogeneity in this group was largely attributable to 
one study.76 In summary, the overall findings of this 
Inaiysis support a larger reduction in probing depth 
lssociated with grafting than UFD procedures. This 

conclusion was further supported by significant and 
consistently greater reductions in probing depth in the 
allograft, calcium phosphate ceramic, and bioactive 
glass groups. 

-- _ 

Gingival recession: Comparison of graft and OFD 
procedures yielded no significant effect for gingival 
recession in the overall analysis, indicating comparable 
clinical outcomes with regard to this measure (Fig. 8). 
Variability in treatment outcomes across studies was 
not heterogeneous (P 20.05). 

Bone Albgraft Versus Calcium Phosphate 
(Hydroxyapatite) Ceramic 
Four clinical tria1s38*41~45~66 provided comparisons of 
calcium phosphate ceramic (CER) with bone allograft 
(Table 5). Comparison of CER and bone allografts 
yielded no significant effects for bone level, crestai 
resorption, clinical attachment level, probing depth, or 
gingival recession, indicating comparable clinical out- 
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- . 

comes with regard to these measures. (Figs. 9 through 
13; pages 243-244)bTests for heterogeneity were non- 
significant for all outcome measures. Richardson and 
coworkers71 similarly reported comparable improve- 
ments in clinical outcome measures (bone fill, CAL, 
and PQ) following treatment of intrabony defects with 
DFDBA and bovine-derived bone mineral matrix. 

Graft Versus Combination Graft with Barrier 
Four clinical trials provided comparisons of treatment 
with graft alone versus a combination of graft and 
barrie$gt51,54,55 F’ ( lgs. 14 through17; page 246). These 
studies provide clinical outcome data for different graft- 
barrier combinations: coralline calcium carbonate 
expanded poiytetrafluoroethylene (ePTFE) barrier,55 
demineralized bone allograft-ePTFE barrier,51 dem- 

ineralized bone allograft-collagen barrier,3g and HA-gIy- 
cosaminoglycan-ePTFE barrie9 (Table 6; page 248). 
With respect t’o bone level, a modest but nonsignificant 
trend (P 10.11) towards more favorable improvement 
was found for combination graft-barrier membrane com- 
pared to graft alone (Fig. 14). Although all studies 
reported more favorable changes in bone level associ- 
ated with combination therapy, there was significant 
heterogeneity among the studies (P 20.05). Significant 
and consistent treatment effects were obtained for both 
clinical attachment level and probing depth (hetero- 
geneity, NS), indicating more favorable gains in attach- 
ment level and reductions in probing depth following 
combination therapy compared to graft alone (Figs. 15 
and 16). Finally, no significant effect was found in rela- 
tion to gingival recession (heterogeneity, NS). 

739 
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Figure 5. 
Final meto-analysis ofcrestoi resorption in randomxed controlied clinical studies comparing ERG to 01% in the treatment of intmbony defects. 
Abbreviitions:Ali = al logr@AUT = autogr@ CER = co&m phosphate (hydroxyapatite) ceramic; COR = caralliie calcium curbonate; 
GlA = bioactive gkxs. 
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h-cation Defects 
Only 15 randomized controlled clinical trials compared 
grafts to another surgical procedure in the treat- 
ment of furcation defects and met the eligibility crite- 
ria,35,36,45,48,58,85-88,90-96 Graft materials examined 
in these studies included alloplasts (PMMAIPHEMAI 
CaOH2, HA, bioactive glass, ~-TCP/CaS04)~5~48*8~~g0~g2-96 
allogenic bone,35J6*45*58187-8g and autogenous bone.gx*g4 
One published report provided a longitudinal evalua- 
tion of a previously reported clinical triaLg5 Table 7 (page 
248) is a compilation of the clinical trials with a bone 
replacement graft treatment group and provides a sum- 
mary of the characteristics and clinical outcome mea- 
sures examined in these furcation studies. Seven of 
the available randomized controlled trials compared 
bone replacement grafts to open flap debride- 
ment.48~58~86~87~Q0~g2~g3 The remaining 8 compared dif- 
ferent graft materials, graft to barrier, or graft to barrier 

ith graft. The frequency and distribution of grafts and 
terventions, as well as furcation defect types across 

Studies, prevented the meaningful application of meta- 
analysis. No meaningful clustering or grouping of stud- 
ies for comparison of grafts or comparison of grafts with 
another intervention was possible. 

The efficacy of bone replacement grafts compared to 
open flap debridement is summarized below. Of the 
available 7 studies with debridement controls, 3 
reported on the treatment of mandibular Class III 
defects861g2xg3 and 3 studies on mandibular Class II 
defects.87*g0*Q2 The seventh study reported furcation 
closure but no soft or hard tissue measures; nor was 
clarification of the furcation classification provided.58 
These data were part of an intrabony defect trial. In 
addition, another intrabony defect trial reported soft 
tissue measure changes but did not define the furca- 
tion types or report hard’tissue measures.48 Therefore, 
there were no consistent comparisons possible for con- 
trasting the regenerative outcome attained following 
bone grafting alone when compared to open flap 
debridement. 

The mean soft and hard tissue changes in furcations 
for al1 controlled clinical trials of bone replacement grafts 
are found in Table 8 (page 252). When compared to 
open flap debridement, the most dramatic changes are 
reported in a clinical trial by Froum et a1.,48 comparing 
bioactive glass (N = 5) to debridement alone (N = 4). 
The debridement arm in this study had greater mean 
soft tissue and hard tissue changes than other 
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Figure 6. 
finul meta-anolysis ofclir~icol ottacbment /eve/ in randomized controlled clinical studies cornporing ERG to OFD in the treatment ofintrobony defects. 
AbbreviatiomALL = o//ogrof?;AUT = outogrofi CER = calcium phosphate (bydroxyapatite) ceramic; COR = corolline calcium carbonate; 
GlA = biooctive glass. 

reports.86s7*g0~g2~g3 Initial PD and defect depths were 
similar to the other reports in the group. 

Overall, probing depth reduction for the Class II 
defects ranged from 1.9 mm to 2.31 mm for bone 
replacement grafts when compared to their controls 
(debridement alone) which attained a PD reduction of 
0 mm to 1.8 mm.87~go~g2 For Class III defects, grafts 
produced a change of 0.7 mm to 2.43 mm, as opposed 
to the controls, that attained a PD change of -1.0 to 
2.6 mm.86~g2~g3 Clinical attachment level changes were 
similar for mandibular Class II and III defects. The 

‘.graft treatment groups ranged from a mean change of 
1.6 mm to 1.9 mm for the Class II defects and 2.2 mm 
to 2.6 mm for the Class III defects. Their debridement 
control groups attained mean dinical attachment level 
reductions of -0.04 mm to 1.5 mm and 0.43 mm to 
1.5 mm, respectively. 

There appeared to be no more dramatic difference 
between postsurgicai recession in the graft treatment 
group for Class II defects than that obtained following 
debridement alone when compared to the treatment of 
Class III defects, although there were only 2 studies 
where possible comparison could be made. The range 
for mean recession change of the graft treatment groups 
was 0.2 mm to 1.7 mm and the range for the debride- 
ment controls 0.7 mm to 1.7 mm for both CIass II and 
III furcation defects. Again crestal resorption varied lit- 
tie between treatment groups or defect types with only 
2 studies each for comparison. Crestal resorption was 
minimal and ranged from 0.4 mm to 1.7 mm for bone 
replacement grafts and 0.3 mm to 1.4 mm for the con- 
trols. Differences between the graft treatment arm and 
the debridement controis were most apparent when 
comparing horizontal defect fili. The horizontal defect 
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final meta-ana/ysis ofprobing depth in randomized controlled clinical studies comparing BRG to OFD in the treatment ofintrabony defects. 
Abbreviotion~AlL = ollograft;AUT = outogr@ CER = calcium phosphate (hydroxyapatite) ceramic; COR = coral/he calcium carbonate; 
GL4 = bioactive g/ass. 

fill for the graft treatment groups in Class II defects 
was 1.6 mm to 3.4 mm and that for the controls was 
-0.3 mm to 1.24 mm. There was only one Class III 
defect study that reported horizontal defect fill and this 
report yielded a change of 3.33 mm and -0.16 mm 
for the graft and control treatment groups, respectively. 

There are 4 studies that compare bone graft alone 
to bone graft with an ePTFE barrie$5~36~85*8g for the 
treatment of mandibular furcation defects. One of 
which was non-randomized with the control treatment 
arm completed prior to the experimental treatment 
arm.8g When compared to graft alone, Garrett et aLag 
‘7 mandibutar Class III defects and Calogne et a1.85 in 

mandibular Class II defects actually reported slightly 
.awer mean PD reductions, CAL changes, and verti- 
cal defect fill for the combined treatment group when 
compared to the graft alone treatment arm. Overall 
among the 4 studies, comparisons for the mean hor- 

242. 

izontal defect fill and vertical defect fill produced sim- 
ilar results for combined therapy with the ePTFE bar- 
rier and bone replacement grafts. However, the largest 
gains in mean horizontal furcation fill were associated 
with combination therapy. Mean horizontal furcation 
defect fiI1 ranged from 1.1 mm to 3.3 mm for combi- 
nation therapy, whereas the corresponding gains 
ranged only from 1 .O mm to 1.8 mm for grafting alone. 
Improvements in mean vertical defect fill for combined 
therapy (0.1 mm to 2.9 mm) more closely paralleled 
those observed following grafting alone (0.4 mm to 
2.8 mm). 

The impact of combining grafts with barriers may 
be most apparent for furcation closure, especially the 
Class III defects reported by Garrett et aI.,8g where par- 
tial bony closure was greater for the defects treated 
with DFDBA and ePTFE and was 21.4% as opposed 
to 8% for OFD. In mandibular Class II defects, com- 
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76 0.279 
27 0.490 

135 0.294 
1 I 

I 

449 0.244 +I- 
Control Graft 

Figur& 8. 
Final meta-analysis ofgingival recession in randomized controiled clinical studies comparing BRG to OFD in, the treatment ofintrabony defects, 
Abbreviations: ALL = ailografi CER = calcium phosphote (hydtvxyopatite) ceramic; COR = coralline calcium carbonate; GL4 = biooctive gloss. 

Reference Nl N2 Effect N TOW P Value “2.00 -1.00 0.00 1.00 2.00 

BsmeltJa 1989 7 7 0.309 14 0518 
Bowen*’ 1989 6 6 0.587 12 0.296 
Evans* 1989 IO 10 -0.234 20 0.592 
Oreemuno6619Q0 12 12 -0.806 24 0.053 

Fixed Combined (4) 35 38 -0.771 70 0.488 T 

CEt? ciraft 

Figure 9. 
Meta-onolysis of change in bone level (defect fill) in randomized controlled clinical studies comparing 
bone o\logroft (DFDBA or FDBA) and calcium phosphate (hydroxyapatite) ceramic (CER) in the 
treatment ofrntrobony defects. 

Reference Nl N.2 Effect N Total P Value -2.00 -1.00 0.00 1.00 2.00 

Barnett~ 1989 7 7 0.057 14 0.912 
Bowen” 1989 6 6 -0.179 12 0.743 
Evans” 1989 10 IO 0.290 20 0.507 
Ofeamuno~19QO 12 12 0.309 24 0.442 

Flxsd Combinsi (4) 35 35 0.169 70 oA88 

CER Orafl 

Meto-analysis of crestai bone resorption in randomized controlled clinical studies comparing bone 
olograft (DFDBA or fD8A) ond calcium phosphate (hydraxyapotite} ceramic (CER) in the 
treatment of introbony defects. 

defects treated with polymer alone 
and 62.5% of those treated with 
both polymer and guided tissue 
regeneration (GTR) were con- 
verted to CIass I furcations, as 
documented upon re-entry. 

Additionally, there were 2 ran- 
domized controlled trials, using 
comparable flap designs, that 
compared BRG to barrier alone 
and reported furcation closure.85Bg6 
A third compared DFDBA to dura- 
mater but the defects treated with 
duramater had either a replaced 
flap or apical positioned flaps while 
the DFDBA sites were treated with 
a coronally positioned flap.88 
Excluding the third, where the 
DFDBA sites performed better 
with respect to defect volumetric 
change, these studies reported no 
significant differences between the 
treatment groups with the graft 
and ePTFE barrier performing 
similarly.85~g6 The limited number 

paring treatment with PMMA/PHEMA/CaOH, polymer of studies and the number of defects treated make con- 
to treatment with polymer and an ePTFE barrier, partial elusions difficult. 
bony closure was slightly better with the combined Studies not submitted to meta-analysis are summa- 
regenerative treatment.85 Fifty percent (50%) of the rized in Table 9 (page 254). 



Efficacv of Bone Replacement Grafts in Osseous Defects Volume 8 * Number I 0 December 2003 

Reference Nl N2 Effect N  Total P Value -2.00 -1.00 0.00 1.00 2.00 

Barrett”’ 1989 
15 

7 0405 14 0.434 
Bowen” 1989 0.152 0.782 
Evans” 1989 10 

lo” 
-0 082 

;; 
0.850 

Oreamono66 1990 12 12 1.009 24 0.018 

Flxed Combined (4) 35 35 0.231 70 0.350 

CER Graft 

Figure I I. 
Meto-onalys/s ofclinicol attachment level in randomized controlled chid studies compuring bone 
alogrofi (DFDBA or FDBA) and c&urn phosphate (hydroxyopotite) ceramic (CER) in the 
treatment ofrntrabony defects. 

Reference Ni N2 Effect N  Total PValw -2.00 -1.00 0.00 1.00 2.00 

Barnet? 1969 7 7 0.571 14 0.276 
8owen4’ 1989 6 6 0.015 12 0.979 
Evans” 1989 IO 10 -0.476 20 0.261 
Oreamuno” 19% 12 12 -0.360 24 0.372 

nxed Combtried (4) 35 36 -0.146 70 0.049 

I- 
I ---+l- 

CER Graft 

Figure 12. 
Me&analysis of probing depth in randomized controlled clinical studies comparing bone a/iograft 
(DFDBA or FDBA) and calcium phosphate (hydroxyapatite) ceramic (CER) in the treatment of 
intrabony defects. 

Reference Nl N2 Effect N  Total PValue -2.DO -1.M) 0.00 1.00 2.00 

Barn&t” 1989 7 7 0.288 14 0 575 , . 
Bowen” 1969 6 6 -0.177 
Evad 1989 

;z 
IO -0.517 :“o 

0.746 
0.243 ! 

oreamuno6~ 1990 12 0.527 24 0.195 I , 

FIxed Comblnsd (4) 35 30 o.D50 70 0.808 I I: I 

CER GMI 

Figure 13. 
Meta-analysis ofgingiva! recession in randomized con&led clinical studies cornporing bone allogrq? 
(DFDBA or FDBA) and calcium phosphate (hydroxyapatite) ceramic (CER} in the treament of 
intrubony deficts.. 

Radiographic, Adverse, and 
Patient-Centered Outcomes 
Insufficient data are available to 
permit meta-analytic comparisons 
among surgical therapies related 
to radiographic outcomes. Radio- 
graphic examinations using stan- 
dardized clinical and evaluation 
techniques,54156,68 including com- 
puter assisted densitiometric image 
analysis (CADIA) ,42~46~5g,84~g7 were 
included in studies of intrabony 
defects. Radiographic measures 
generally parallel assessments of 
clinical outcome. However, Toback 
et aLI recentIy reported that lin- 
ear radiographic measurements of 
postsurgery bone fill significantly 
underestimate this outcome. More- 
over, although linear-CADIA esti- 
mates correlated significantly with 
measures of post-treatment bone 
fiB, the magnitude of these associ- 
ations was modest, accounting for 
approximately 50% of the variance 
in the clinica assessment. There- 
fore, linear-CADIA appears to pro- 
vide valuable but less accurate 
information regarding changes in 
bone fill following graft procedures. 

The majority of studies 
included in the review report no 
adverse outcomes associated with 
osseous defects treated with 
grafis 35,39-41,45,46,50,53,55-61,63,85-93 I 

Table 5. 

Characteristics of Clinical Trials Comparing Calcium Phosphate (Hydroxyapatite) Ceramic 
to Allograft (DFDBA or FDBA) in the Treatment of Intrabony Qefects 

&..dy &jcrip?icn 

Randomized, palred defects 

Population Age 

37-63 y&3:3; mean: 48.7 

Assessment Intervai 

6 montils 

Evans et al.45 I9 89 Randomized. split-mouth, and 
bilateral posterior defects 

I 6-26 yearr mean: 2 I. I 7-i I months Re-entry 

Abbreviations: p-TCP = p-tricalcium phosphate; CAL = clinical attachment level; CR = crestal resorption; DFDBA = demineralized freeze-dried bone allograft; 
FDBA = freeze-dried bone aliograff; HA = hydroxyapatite; NS = not stated; PD = probing depth REC = gingivai recession; TET = tetracycline; VDD = vertical 
defect depth. 

744 



Ann Periodontol 

although not all studies provided information relative to 
incidence of adverse events. 6 37,44,47,48,51,52,54,62,76,97 ’ 
The most common untoward event reported was par- 
tial loss (exfoliation) of graft particles postopera- 
tively, .42,50,56,57,69,79,80,93 however, wi& one exception,@ 
occurrence was Iimited to a few patients. One report 
described poor clinical response to calcium HA cement 
in the treatment of Class I11 furcationsg3 

Insufficient data were available to permit analytic 
comparisons among surgical therapies related to 
patient-centered outcomes, such as changes in esthet- 
ics, incidence of residual probing depth, incidence of 
disease recurrence, incidence of tooth loss, and ease 
of receiving supportive periodontal maintenance. Of 
the clinical trials that provided pre- and postsurgical 
indices of plaque and gingival inflammation, the 
majority revealed stability or improvement in mean 
scores relative to pretreatment following treatment of 
intrabony 6,42,48,53,54,54,56,65,66,82,83 and furcation 
defects.35~36~48~g2~g3 Several publications specified the 
absence of patient-related differences in frequency of 
complaints, Ievel of comfort, or need for analge- 
sia ao,82,83 

Longitudinal Stability of Clinical Outcomes 
Longitudinal reports are limited for the retention of 
treatment outcomes of bone replacement grafts for the 
treatment of intrabony defects and furcations. The Iit- 
erature search identified 5 publications providing lon- 
gitudinal evaluations from 3 clinical trials of intrabony 
defects and 1 trial for furcation defects.32-34tg5tg8 Lon- 
gitudinal data were available from only 1 clinical 
trial32r34 providing soft tissue evaluations of hydroxy- 
apatite graft and OFD procedure. Forty percent of the 
QFD sites lost attachment over the 5-year period, 

whereas twoathirds of the hydroxyapatite sites gained 
attachment over the same interval.34 Flemmig and 
coworker& reported’significantly greater bone fill and 
gains in CAL intrabony sites grafted with demineralized 
bone allograft (AAA bone) compared to control defects 
treated by modified Widman flap surgery at 36-months 
post-treatment. Improvements in clinical measures 
found at 36 months were comparable to those initially 
documented at 6 months. The remaining studies pro- 
vide longitudinal data on stabiIity of grafted sites, but 
do not permit comparative evaluations with another 
intervention (e.g., OFD). These studies generally report 
positive maintenance, of the clinical response obtained 
postsurgically. 

Histologic Evidence 
Table 10 (page 254) summarizes studies reporting his- 
tological outcome folIowing the placement of bone 
grafts in the treatment of periodontal osseous defects. 
One case report on a. contiguous bone graft technique 
was excluded from the review.gg Studies based on 
biopsy specimens of grafted defects without the bor- 
dering tooth were excluded in the summary.3a~60~*00 
Only 2 randomized controlIed series of studies3**‘01 
provide comparative histological data. Bowers and col- 
Ieagues provide compelling histological documenta- 
tion that DFDBA supports the formation of a new 
attachment apparatus, including new bone, cemen- 
turn, and periodontal ligament, when used as a graft 
in intrabony defects. 3f~*01 OFD alone was found to 
result in periodontal repair characterized primarily by 
the formation of a Iong junctional epithelial attach- 
mente310101r102 A r eview of other histological data also 
provides compelling evidence that autogenous and 
demineralized allogeneic bone grafts support the for- 

Characteristics of Clinical Trials Comparing Calcium Phosphate (Hydroxyapatite) Ceramic 
to Allograft (DFDBA or FDBA) in the Treatment of Intrabony Defects 

Outcome ,4ssessmer& 

Examiner Masking 

NS 

Inrerventions 

I-S (porous, particulate) 
Ailogd (FDBA) 

PD CAL 

Yes Yi5 

REC 

Yes 

CR 

Yes 

Location/Funding 

Nay b?avv 

Yes Yes Yes Nauv/NS 

NS Allografi (FDBA)/TET 
HA (sintered particulate)/TET 
j3-TCPiTET 

Yes Yes Yes Yes Yes University/NS 
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WefWMXX? Ml N2 f3kt N Total PVallJe "mo -t.oo Q.OQ 1.00 2.Qo 

Kim= 1996 14 13 0.000 27 1 .ooo 
Guilfemin5’ 1993 15 15 0.180 30 0.616 
Blumenthai39 1990 14 15 1.396 0 .OOl 
Kiliq 54 1997 10 IO 0.508 4: 0.251 

IGwldQrn Combined (4) 53 53 0.501 405 0.107 G 

coerol lulembrans 

Meto-analysis of change in bone level (defea fill) in randomized controlled ~/inicd studies compuring BRG versus combination BRG/bcxrier membrane 
in the treatment ofintrobony defects. BRGIBRG-barrier membrane combinations included calcium carbonate/expanded polytetrafluoroethy/ene 
(ef TFE),55 deminerulized freeze-dried bone ollograftefJfE,s’ AAA {auto@zed, antigen-extracted, o//ogenic) bone/collagen,39 and hydroxyapotite- 
glycosominoglycon/eP7FEs4 

Refereme N1 NZ Effect PI Total PValue -2.00 4.00 o.cNl 4.00 2.00 

Kim= 1996 14 13 0.147 27 
Guillemins’ 1993 

0.698 
15 15 0.311 30 0.388 

Blumenthal” 1990 14 15 0.729 29 
Kifigs 1997 

0.053 
10 10 0.615 0.168 

!&l&ml ComMwed (4) 53 53 0.434 4 0.030 

control Membrane 

Meto-analysis ofclinical ottuchment /eve/ in randomized controlled clinical studies comparing BRG versus combination BRGlbanier membrane in the 
treatment ofintrabony dejects. BRGIBRGborrier membrane combinations included calcium carbonate/expanded po/ytetmfluoroethylene (ePi’FE),55 
demineralized freeze-dried bone ollogro~eP7FE5’ AAA (autolyzed, antigen-exvocted, ulogenic) boneicollagen,39 and hydroxyopatite- 
glycosominoglycan/ePTFE.54 

Reference IAII N2 Effect N Total PWwe d.QQ -4.QQ 0.M) 4.00 2.00 

Kim= 1996 14 13 0.391 27 0.306 - 
Guiliemir?’ 1993 15 15 -0.096 30 0.789 c 
Blumenthal” 1990 14 15 0.880 29 0.022 
Kilic;% 1997 IO 10 1.186 20 0.013 

Random Combined (4) 53 53 0.541 1Q6 o.o!M 

GraR 

Figure f 6. 
Meta-analysis ofprobing depth in randomized controfled dinicol studies comparing BRG versus combinaion BRGlburrier membmne in the treatment 
ofintmbony defeas. BRGIBRGbarrier membrane combinations included calcium carbonatelexponded polytetrafluoroethyfene (ePTFE).55 
deminerafized freeze-drred bone al/ogmftl,PJFE,5’ AAA (auto/y&, antigen-extracted, allogenic) bone/collagen,39 and hydroxyapatite- 
glycosominoglycanlePJF&54 

Reference M  N2 Effect N Total PWue -2.00 -1 .O# 0.00 1.M) 2.00 

Kim% 1996 14 13 0.070 0.852 
Guillemid’ 1993 15 15 0.524 so’ 0.151 
Blumenthal” 1990 14 15 -0.254 29 0 A87 
Kiliq 54 1997 i0 10 0.819 20 0.072 

Random Combined (4) 53 63 0.250 105 0 280 

Control Membrane 

Metu-onalysis ofgingvol recession in randomized controlled clinical studies cornporing BRG versus combination BRGlbarrier membrane in the treatment 
ofintmbony defects. BRGIBRG-barrier membrane combinations included calcium carbonate/expanded po~ytetrafkroroethylene (eP?FE),55 demineralized 
fmezedried bone oifograftlePJFE,5f AAA (auto/yzed, antigen-extracted allogenic) bonelcol!ogen,39 and hydroxyapatite-glycosaminoglycan/ePJFE?4 

3°C 



Ann Periodontol 

mation of new attachment apparatus. Two case series 
provide data that xenogeneic bone can also support 
regeneration.1033104 In contrast, essentially all avail- 
able data indicate that alloplastic grafts support peri- 
odontal repair rather than regeneration. 

The goal of this systematic review was to compare the 
clinical, radiographic, adverse, and patient-centered out- 
comes following treatment with bone replacement grafts 
and other surgical interventions in patients with peri- 
odontal osseous defects. Toward this end, 72 random- 
ized controlled studies evaluating BRG materials in the 
treatment of osseous defects (intrabony and/or fur- 
cation) were identified in English language publications. 
Study populations included patients with a clinical diag- 
nosis of chronic and aggressive periodontitis. For pur- 
poses of meta-analysis, the primary clinical outcome 
measure was bone fill; secondary outcome measures 
included crestal bone height, clinical attachment level, 
probing depth, and gingival recession. 

The first objective of the systematic review was to 
determine the clinical efficacy of BRGs relative to OFD 
in the treatment of periodontal osseous defects. The major- 
ity of controlled studies examining the treatment of intra- 
bony defects included an OFD comparison group or 
,,~6,37,39,40,42,~,47,48,50,53-56,58-65,67-70,72,75,76,78-82,& 

With respect to the primary outcome measure, bone 
fill, the final meta-analysis revealed significant improve- 
ments for all BRG materials, except bioactive glass; 
however, significant heterogeneity was observed among 
the combined groups. The combined analysis was sig- 
nificant and consistent when the bioactive glass sub- 
group was removed from the combined analysis. Nate- 
worthy, however, was that in all but one study,65 
bioactive glass demonstrated enhanced bone fill rela- 
tive to OFD alone. The overall analysis also indicated 
that significantly less crestal bone resorption was asso- 
ciated with BRGs than OFD alone, which was attrib- 
utable largely to bone allograft and coralline subgroups. 
Moreover, each BRG subgroup was found to yield sig- 
nificantly greater gains in CAL compared to OFD. 
Although a significant overall treatment effect was 
found with respect to greater reductions in PD follaw- 
ing treatment with BRGs than OFD, differences in PD 
were significant only for the bone allograft, calcium 
phosphate ceramic, and bioactive glass subgroups. 
No differences were observed in the degree of gingival 
recession following treatment with BRGs and OFD pro- 
cedures. Collectively, the results of these controlled stud- 
ies provide strong evidence that BRGs provide superior 
clinical outcomes than OFD procedures in the treat- 
ment of intrabony defects. 

The most extensively evaluated graft material for 
the treatment of intrabony defects remains deminer- 
alized bane allograft, as reflected in this review. With 

respect to bone fill; the meta-analysis revealed sig- 
nificant, consistently superior gains in bone fill with 
demineralized bone allagraft compared to OFD pra- 
ced~es.6~3g~42~59~60~6z~63~82 These results are particularly 
informative, given clinical concerns arising from appar- 
ent inconsistencies in osteoinductive capacity of 
DFDBA related to processing and donor age.r05-‘0s 
Commercially-prepared DFDBA has been shown to 
retain active bone matrix proteins, such as bone mor- 
phogenetic proteins-2, -4, and -7, although same bio- 
logical activity appears to be lost as a result of tis- 
sue processing compared to fresh allograft.109 Within 
the context of evidence an clinical outcome, the data 
strongly indicate that DFDBA results in consistently 
superior improvements relative to OFD in the treatment 
of intrabony defects. Osteoinductive capacity, therefore, 
may be important to the histological rather than clinica 
outcome following grafting with demineralized bone 
matrix. 

Freeze-dried bone allograft also has been shown in 
observational and controlled studies to improve clini- 
cal outcomes in intrabany defects.21*26~7,38*58*73 How- 
ever, only 2 controlled studies were identified that 
examined the clinical benefits of FDBA relative to 
OFD.37v58 With respect to bone fill, the subgroup 
analysis failed to show a significant benefit of FDBA 
compared to OFD. 58 Although these studies do not 
support the use of FDBA in the treatment of intrabony 
defects, insufficient data are available to conclude that 
the material lacks clinical efficacy with regard to 
changes in bone fill. That positive clinical outcomes 
have been reported with FDBA in other studies is can- 
sistent with this interpretation.38*66s110 Furthermore, 
the clinical characteristics of FDBA, such as contain- 
ment and space maintenance, contribute to the inter- 
est in this graft matrix as a scaffold-based carrier far 
biologically active molecules.111 Moreover, there is 
human evidence to suggest that the osteocanductive 
properties of FDBA may be superior to those of 
DFDBA. 1 I2 DFDBA has been shown to function clin- 
ically as a carrier for biologically active pra- 
tejns 101,113,114 and a case series documents the use 
of FDBA as a carrier for enamel matrix derivative with 
successful clinical outcomes in advanced osseous 
defects. r r 1 In vitro studies indicate that biological medi- 
ators can significantly modify the cellular effects of 
FDBA and DFDBA matrices.115-1 l7 Future studies are 
required to determine the potentia1 therapeutic role of 
allagrafts as scaffol+based carriers of biologically 
active molecules, such as growth and differentiation 
factors. 

The relative clinical benefits of different BRGs in the 
treatment of intrabony defects have been examined in 
multiple studies. However, sufficient comparative stud- 
ies were available only to permit meaningful campar- 
isans of clinical outcomes between bone aIlograft 



Characteristics of CUnicaI Trials Comparing Bone Replacement Grafts 
and Barriers in the Treatment of Intrabony Defects 

Reference Study Description 

Blumenthal & Steinberg)” Randomzed. w<n~n subject 
1990 Jby sitej 

Population Age 

34-57 yesr-s 

,4scessn;eni hew2 

I2 monrhs 

Hard Tissue Assessment 

Re-snt-y 

Kilic et aI.% I997 Randomized, paired defects 35-60 years 6 months Radiographic 
& sounding 

Kim etal.s5 1996 Randomized, between 
subjects 

23-60 years: mean: 39.3 6 months Sounding 

Guillemin5’ 1993 Randomized. paired defects Mean- 43.4 years 6 monk Re-entry 

Abbreviations: AAA = autolyzed, antigen-extracted, allogenic; CAL = clinical attachment level; CR = crestal resorption; DFDBA = demineraked freeze-dried 
bone allografk @TFE = expanded polytetrafluoroethylene; HA = hydroxyapatite; OFD = open flap debridement; NS = not stated; REC = gingivai recession; 
VDD = vertical defect depth. 

Characteristics of Cliiical Trials Examining BRG in the Treatment 
of Class II and Class III1 Furcation Defects 

Reference 

Calogne et aIPj 200 I 

Study Descripuon 

Randomized, paired’mandible 
Class Ii defects 

Population Age 

45-63 years: mean: 
54 years 

Assessment Inter-d 

4 moh$hs 

HardTIssue Assessment 

Re-entry 

Ev:ns g aj.45 1989 - . Randomized, ;plwnou~~, and : 6-26 year-s; 7-! I mmths; Re-en% 
bdarerai posterior oefecr.s mean: 2 i j q-ear. 9 ,n~m-~rhs 

Gant& et aLE6 I99 I Randomized, between subjects, 
mandibular Class III defects 

NS 6 months None (re-entry I of 27 
subjects) 



fable 6. (c~ntinwzd) 

Characteristics of Clinical Trials Comparing Bone Replacement Grafts 
and Barriers in the Treatment of IIntrabony Defects 

Outcome Assessments 

Examiner Masking 

No 

tnterventions 

Allograft (&IA bone) 
Allogr& (AAA bone)icoiiagen 

membrane 
OF0 

PO CAL 

YE Yes 

REC 

Yes 

CR 

Yes 

VDD 

Yes 

Location/Funding 

Unwersiry/NS 

Clinical; single examiner; 
NS; radiographic: 
4 examinersYes 

HA-colfagenlbarner jePTFE) 
Membrane (ePTFE) 
HA collagen (HA- 

giycosaminoglycanj 
OFD 

Yes Yes ‘(es NO Yes Unwersity/NS 

Yes Membrane (ePTFE) 
Coralline calcium carbonate 
Coralline calcium carbonate’ 

ePTFE barrier 
OFD 

Yes Yes Yes No Yes University/ 
industry 

NS Altograft (DFDGA) 
Allograr; (DFDGA)/ 

membrane iePTF0 

Yes Yes YET Yes Yes Untversity! 
foundation 

Characteristics of Clinical Trials Examining BRG in the Treatment 
of Class II and Class III Furcation Defects 

Examiner Masking 

Yes;.Z.calibratsd 
ejcaminers 

_ I$erven$ons 

P~/&JP~EilA&3H2 
ePTfE’ 
PMMA/PHEMAKaOHz/ePTFE 

Ourcome Assessments 
Location/ 

PO CAL REC CR VDF HP HDF FC funding 

Yes Yes Yes Yes Yes No Yes Yes Unive rsiv 
indusq 

NS Aiiogra!? (FDBAJTET 
HA (sirliered p;rdcu!are):TFT 
p-TCP/TET 

NS; single examiner 
for osseous meas- 
w-es; 3 for soft 
tissue measures 

CPFKA, 
CPWCA, DFDBA, 

Yes Yes No No No No No Yes University/ 
NIH 

NS DFDBA. CPFiCA 
CPFICA 

?es Yes 

Yes: 2 Examiners DFDBA. C”c 
iIIi~a,~me:: replaced or aptcaily 

poslvoned iiap \ar Ifvei of 
me aweoiar crestJ 

ies %O NO tes Yes No Yes Yes University/ 
NtDR 

(continued) 



Characteristics of Clinical Trials Examining BW@ in the Treatment 
of Class II and Class III Furcation Defects 

Reference Study Description Population Age Assessment Interval HardTissue Assessment 

Garrett et al.s9 I994 

Froum”* 1998 

Kenney etal?O 1988 

Mabry et aI>* I985 

Peltman” f 989 

Pepelassi et ai.” I99 I 

Rosen35 I989 Randomized, paired mandibular 
Class il defects 

Rupprecht er al.93 200 I Randomized, Class III defects 

TetineG” I997 Randomized, paired Ciass Ii 
mandibular defects 

Yukna94 I994 Randomized, paired mandible 
Class ii defects 

Yukna.et alPs I997 

Yukna etaLy6 200 I 

Non-randomized, between subjects 
comparison, Class Ill furcation defects 

P,andomized, paired intrabony or 
furcation defects 

Randomized, paired Class II 
mandibie furcations 

Randomized, paired intraosseous 
defects (associated with Class I, Ii, 
and Ill furcation defects) and 
parallel arms between subjects 

Randomized, paired mandibular 
Class Ii defects 

Randomized, within patient 
comparison of either Class II 
or Class Ill furcation defects 

Six year follow-up of subgroup 
from reference 94 ‘.:, 

Randomized paired mandible 
Class il defeis 

40-65 years 
mean: 59 years 

Mean: 43 years 

Mean: 43.2 i: 
8.4 years 

13-26 years; mean: 
18.7 + 3.8 years 

NS 

32-64 years 

30-60 years 

Mean: 58.7 I 
7.65 years 

29-63 years 

38-64 years; mean: 
50.9 years 

NS 

39-72 years; mean: 
54 years 

I2- I5 months 

I2 months 

6 months 

I2 months 

6 months 

6 months 

24-28 week 

9 months 

7-Y months 

6- I2 months 

6+ years 

6 months 

Re-entry 

Re-enuy 

Re-entry 

Re-entry 

Re-entry 

Re-entry 

Re-entry 

Re-entry and sounding 

Re-enq 

Re-entry 

None 

Re-entry 

Abbreviations: p-TCP = fi-tricaicium phosphate; CA = citric acid; CAL = clinical attachment level; CPF = coronaily positioned flap; CR = crestal resorption; 
DFDBA = demineralized freeze-dn’ed bone altograft; ePTFE = expanded polytetrafluoroethylene; FC = furcation closure; FDBA = freeze-dried bone aliograk HA 
= hydroxyapatite; HDF = horizontal defect fill; HP = horizontal probing depth; OFD = open flap debridement; NS = not stated; PD = probing depth; 
PMMA/PHEMA, CaOH* = polymethyl-methacrylate + polyhydroxylethyl-methacrylate; REC = gingival recession; TET = tetracycline; VDF = vertical defect 611. 

(DFDBA and FDBA) and HA,38,4*,45x66 which yielded 
no significant differences with respect to changes in 
bone level, crestal resorption, clinical attachment level, 
probing depth, and gingival recession. The results of 
the meta-analysis, therefore, suggest comparable clin- 
ical outcomes following the application of particulate 
bone allograft and HA. Tests for heterogeneity were 
not significant for the outcome measures. In addition, 
similar clinical outcomes have been reported for 
DFDBA and FDBA in the treatment of intrabony 

defects.73 Future controlled studies are necessary to 
determine the relative efficacy of different BRG mater- 
ials in the treatment of periodontal osseous defects. 

Case reports document the combined use of BRGs 
and barrier membranes in the successful treatment of 
intrabony defects. 118-122 Clinical improvements with 
graft-barrier combinations often have been in associ- 
ation with larger, non-space maintaining defects,12’ 
despite limited controlled studies to support clinical 
benefits of combined approaches beyond those attain- 



Characteristics of Clinical “f’rials kamining BRG in the Treatment 
of Class II and Class III Furcation Defects 

Outcome Assessments 

Examiner Masking hterveniions PD CAL REC CR VDF HP HDF FC Location/Funding 

No 

NS; single examiner 

NS 

NS; single examiner 
per patient 

NS 

NS 

Yes 

NS 

NO 

NS 

DFDBA, CPNCA 
DFDBA/ePTFE, CPFKA 

Gioactive glass 
OFD 

Porous HA 
OFD 

I. Allograi’t (FDBA) 
2. FDBWET (local and systemic) 
3,OFD/TET (systemic) 
4.OFD 

AutograftKibronectin 
autograft 

p-TCF1 plaster of Paris 
and doxycyciine, CPF 

CPF 

DFDBAfePTFE, CPF 
DFDBA, CPF 

CPWCA 
HA cement, CPFKA 

DFDBA, CPF 
DFDBIVePTFE, CPF 

PMMA/PHEMAKaOH,, CPF 
Osseous coagulum, CPF 

Yes 

Yes 

Yes 

NO 

Yes 

No 

Yes 

NO 

Yes 

NS 

Yes 

PMMPJPHEMA/CaOH2, CPF 

Bioacwe glass, CPF 
ePTFE, CPF 

Yes 

Yes 

Yes NO 

YES Yes 

Yes 

No No 

Yes 

YeS 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Y?S 

Yes 

Yes 

Yes Yes 

Yes Yes 

No 

Yes 

No 

No 

NO 

YeS 

Yes 

Yes 

Yes 

Yes 

No 

Yes 

Yes 

Yes 

No 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

r40 

Yes 

No 

No 

No 

No 

NO 

Yes 

No 

No 

IN0 

Yes 

NO 

Yes 

No 

IN0 

Yes 

No 

No 

Yes 

Yes 

No 

Yes 

Yes 

No 

Yes 

Yes University/NIH 

No Universq/ 
industry 

No Universrty/NS 

Yes Univers’Q/NIH 

NO ‘UniversfiqlNS 

No Unwers.ky/NS 

No University/none 

Yes Naqf1ndustt-y 

NO tiGe9irrjnow 

Yes Private practice 
and university/ 
industry 

” 1es Prwate practice/ 
industry 

Yes Univers.ky/ 
industry 

able with grafting alone. 123 This review identified sev- 
eral controlled studies that compared treatment out- 
comes following use of grafts in combination with bar- 
rier membranes to grafting alone.3g~51~54*55 Although 
comparing different graft-barrier combinations, the 
studies nonetheless permit a general comparison of 
clinical outcomes following a combined approach 
(BRG-barrier membrane) reIative to BRG alone. With 
respect to bone fill, a modest but nonsignificant trend 
was found towards more favorable improvement for 
combination therapy compared to graft alone. More- 
over, significant and consistently greater gains in CAL 

and reductions in PD were found following combina- 
tion therapy compared to graft alone. Interestingly, in 
a systematic review by Needleman and coworkers,124 
the combination of a BRG and GTR was found to result 
in a greater gain in hard tissue probing than GTR alone, 
when comparing each to OFD. Collectively, these 
results suggest that combination therapy using BRG 
and GTR may offer therapeutic advantages beyond 
those of either approach alone in the management of 
more challenging osseous defects. 

In contrast to intrabony defects, substantially fewer 
controlled clinical trials have compared BRGs to OFD 
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Mean Change in Clinical Outcome Measures in S tudies Examining Bone 
Grafts in thg: Trwtment of Class BI and IlIlt Furcation Defects 

Reference Interventions N PD CAL REC CR VDF HDF FC 

Calogne I, PMMA/PHEMA/  
et aI!5 caotl,. CPF 

200 I 2. ePTFE. CPF 
3. P M M A ’PHEMAI 

CaOH,: 
ePTFE, CPi 

Evans I .Allograft 
et ai?5 FDBAf-l-E-f 
1989 2. HA (slntered 

particuiare)/TET 
3. p--i-CP/TET 

Gantk 
et al?6 
1991 

I. CPFKA, 14 2.6f I.5 2.2% I.1 
2. CPWCA, DFDBA, I3 I .9 rt 2. I I .5 f 2.4 

Ganiis 
er aLa’ 
I988 

I. DFDBA, CPF/CA I6 I .9 f 1.2 l.6f I.2 
2. CPF/CA I: I.Sk 1.7 I ..5 k I .9 

Garreti I. DFDBA, CPF. 
et akB” 2. Duramater, RF, 
I990 or APF 

Garrett 
et al.@ 
I994 

I. DFDBA, CPF/CA 
2. DFDBAfePTFE, 

CPFICA 

Froum et I. Bioaccive glass 
ai.4E I998 2. OFD 

Kenney I. Porous HA 
et al?O 2. OFD 
1988 

Mabry I. Aliograft (FDBA) 
et al.58 2. FDBA/TET (local 
I985 and systemic) 

3.OFD/TET 
(systemic) 

4. OFD 

s I .6 %  0.9 I.$& I.1 0.3k I.6 1.0% 1.3 

8 0.3 %  O.? 0.9% I.5 0.4% I.1 I .3 k 0.6 
8 ! 32 1.3 I .3 5‘ I .3 Ok% I.4 I.1 f 1.4 

0.4 1: i .2 

-0.4 %  I .4 
0. I f I .? 

9 

6 

IO NA NA NA NA NA 

NA NA NA NA 

N.4 NA 

lb 2.7 i: I .4 
15 2.3 %  I. I NA NA 

0.3 i 0.4 
0. I iz 0.5 

I2 2.9 %  I. I 2.0 %  I. I 
14 1.6-t I.2 I .o f: I .2 NA NA 

2.4 5 I.4 
2.” I I I .9 

2.3 i i 2 
2.3 f I .2 

2.8 + 3.4 
1.6+ I.6 

5 3.T 2 0.9 (SE) 2.9 + 0.9 0.7 f c.5 
4 29% I.0 (SE) I .9 k I .o I .o IO.6 

23 1.21 m m  t.8f0.7 0.2 Its 0.4 
23 2. NS -0.04 f 0.9 0.7 + 0.7 

0.6 i 0.4 
I .4 i 0.5 

NA 

3.5 i: 0.6 
2.6 i 0.7 

2.0 * 0.5 
-0.3 %  0.7 

4 
8 

7 

3 NA NA NA NA NA NA 

I .8 li i .O Comp!ele bone closure 
I 118 (i3%) 

0.7~l.2 20 
I.1 iO.? 3.0 

Partial bone closwe 
I. 4/8 (50%) [II -+ I] 
2.518 (62.5%)[11 + I] 
3.W (62.5%)[11 --f Ij 

NA 

Complete bow closure 
i 219 (22.2%) [I! --+ 01 
2 2% (33.3%) [I’ -? 0-j 
3 oi ! 0 !\O%i 
Pa!xal bone closure 
I 419 (44.4%) [II -3 I] 

2.4/6 (66.7%) [i! -+ I] 
3 51 IO f,50%1 [ii -+ I] 

Soft tissue closure 
I. l/l4 (7.1%) 
2.3/13 (23.1%) 

2.6 i I .4 Complere bone closure 
3.0 %  I .9 I 6114 (43%) 

2 7! I6 (440%) 

NA 
Partial bone closure 
I. l/l2 (8%) [II -+ II] 
2. 3/14 (21%) [III -+ II] 
SoftTissue Change 
l.4/12 (33%) 
2.41 I4 (29%) 

NA NA 

I .6 I 0.3 
-0.3 2 0.7 idA 

Complete bone closure 
I. o/2 (0%) [II 3 O] 
2.3/4 (75%) [II + O] 
3.017 (0%) 
4.0/3 (0%) 
Partial bone closure 
I. l/2 (50%) [II -+ I] 
2. l/4 (25%) [II -+ I] 
3.5/7 (7 I .4%) [ll + I] 
4. l/1 (100%) [II -+ I] 
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Mean Change in Clinicall Outcome Rleasures in Studies Examining Bone 
Grafts in the Treatment of Class II and I%1 Furcation Defects 

Reference interventions N PD CAL REC CR VDF HDF FC 

P&imzn’ ’ Autogenousi 
ISE? fibronectin 

kfiogenous 

Pepefassi 
et al?2 
1992 

Pepelassi 
et al?2 
1991 

Roser? DFD&V ePTFE. CPF 
i 989 DFDBA. CPF 

Rupprecht 
et al?3 
200 I 

(Buccal data only) 
t . CPWCA with 

Hydroxylapatite 
cewn?, 

2. CPWCA 

Tetzne? DFDWePTFE, CPF 
1997 DFDBA, CPF 

Yukna’” 
1994 

Class II defects 
I, p-TCFI plaster of Paris 

& doxycycline, CPF 
2. CPF 

Class Ill defects (buccal) 
I. p-TCP phosphate, 

plaster of Paris & 
doxycycline, CPF 

2. CPF 

I WlMAiPHEMAi 

CaOH,. CPF 
XAutogenous 

osseous coagulum, 
CPF 

Yukna 1. (PMMAIPHEMA 
et aj.95 CaOH& CPF 
I997 (6-year follow-up 

of subgroup from 
reference 94‘) 

Yukna Bioactive glass, CPF 
et a!?6 ePTFE, CPF 
200 I 

L! , 2.82 I.17 0.40% 1.52 0 (no bone 
31) 

4 I6f 1.62 0.00% I.87 NA NA 0 (no bone NA NA 
f-ill) 

13 2.31 rt 1.77 l.88+ 1.66 0.2350.39 0.28f0.12 2.33+ 1.33 3.41 +0,9l 

13 I.5 f 1.56 0.57 kO.95 0.85 50.69 0.6OrtO. 

7 2.43 +0.73 2.64kO.69 0.26 IliO.38 0.36&O. 

7 0.5 i: 1.04 0.43i 1.09 0.86kO.69 0.66&O 

0 0.52 % 0.74 I .24 % 0.99 

I 2.43f0.41 3.33+ 1.40 

NA 

9 0.56+0.45 -0.16%0.15 NA 

6 0.57% I. I7 0.75 i- I .I 6 087 50.99 -0.25 ri 0.71 I .O I: !.O? 
6 0.63iO.74 062-FO.7” 0.63 kO.52 0 I3 ir0.64 063fO.S 

6 0.7+ 1.8 2.3 f 2.2 I .7 f I .8 I .7 % 2.0 2.0 4 2.3 

3 -l.Oi I.0 0.7 + 2. I I .7 + I .2 0.3 f 0.6 0.7 4 I.2 

5 I.165 1.27 I .7 kO.9 i .O f 0.6 0.7 + 0.6 2.9 % I .2 
5 1.181f: t.50 1.2ki.3 0.7 f 0.4 0.0 % 0.9 2.7* I.3 

i5 2. I It i 2 0.8 i I .4 1.31 I.1 0.62 1.4 I .6 _’ I .4 

15 1.9fl.l I .o % I .2 0.8f 1.6 0.4 9 0.9 I .7 % 0.7 

26 NSD to NSD to NSD to NA NA 
Yukna” Y&nay” Yukna94 

27 1.4% 1.2 0.4% I.0 0.8 % I .2 0.3 f I. I 2.54 % I .03 
27 l.t+i.l 0.3 f 0.9 0.8 f I. I 0.7 I 0.7 0.78 1. I. I7 

t 63 I I .4 I 
I .oo + 0.53 

NA 

3.3 f I .o 
1.6kO.7 

I.9& I.2 

0.8 i 0.6 

NA 

I .4 I I .4 Complete bone 
1.3i: 1.t closure 

NA 

Complete bone 
closure 

0 

0 

NA 

Complete bone 
closure 

I. 1/15(6.7%)[11-+0] 
2.01 I5 (0%) [II + 0-j 
?artial bone ciosure 
I. i Iii 5 (73.3%) [Ii -+ Q 
2.6115 (40%) [II -+ I] 

Complete bone 
closure 

1.3/IO (30%) 
Pa-t!al bone closure 
I.5110 (50%) [Ii *I] 

Response over time 
I. 8/I 0 improved 

from re-entq U IO 
remained the same 
or worsened 

I. O/27 (0%) [II + I] 
2.0/27(0%) [Ii + I] 

Abbreviations: APF = apically positioned flap; !3-TCP = /Qzricalicum phosphate; CA = citric acid; CAL = cIinica1 attachment level; CPF = coronalliy positioned 
flap; CR = crestal resorption; DFDBA = demineralized freeze-dried bone ailograft; ePTFE = expanded polytetrafluoroethylene; FC = furcation closure; FDBA = 
freeze-dried bone allograft; HA = hydroxyapatite; HDF = horizontal defect fill; HP = horizontal probing depth; OFD = open fiap debridement: NA = not available; 
NS = not stated; PD = probing depth; REC = gingival recession; RF = repositioned flap; TET = tetracyciine; VDF = vertical defect fill. 
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Characteristics of RCT Bone Replacement Graft S tudies lpdot Submitted to PIeta-Analysis 

Reference Study Description Population Age Assessment interval Hard Tissue Assessment 

Richardson et al?’ 1999 Randomized, paired within 
subjects and some unpaired 
intrabony defects 

34-67 years 6 months Re-entry 

Sculean et al.7i 2002 Randomized, parallel design NS I2 months None 

Scheyer et al?4 2002 Randomized, paired defects 32-73 years 6 months Re-entry 

‘fukna et aLE3 2000 Randomized, paired defects 
and multi-centered 

33-8 I years 6-7 months Re-enti-y 

Abbreviations: ABM = anorganic bone mineral matrix; CAL = clinical attachment level; CR = crestal resorption; DFDESA = demineralized freeze-dried bone 
allograft; EMD = enamel matrix derivative; HA = hydroxyapatite; NS = not stated; OFD = open flap debridement; P-15 = peptide 15; REC = gingival recession; 
VDD = vertical defect depth, 

Histological Outcomes Following Treatment of Periodontal Osseous Defects 
with IBone Replacement Grafts 

Referen@BRG Intervention Defect 
Histologic 
Landmark N (sires) 

NAA (mm), NC (mm), 
NB (mm}, CT (mm) Location 

Bone- &placement Graft 
None 

Hiatt et al.149 1.978 
Lktgzprte~ &  ~osenberg’s” I 979 
Bow&-s et al -lo2. I 989 
Bowers et,al:3’ I&Y 

Autograft or Allog& 
Ross and Cohen15’ 1968 
Hi&t etal.‘” I978 
Moskow et al. ‘52 I979 
Nabers et al.“j I 972 
Laiiger etai.15’ 1981 
Dragoo &  Sullivan ’ sj I 973 
Hawley &  Miller’ ji 1975 
Hiati: &  Schailhornln I973 
EvanslSE I98 i 
Frocrm et al.‘“’ I975 
Froum et al. “’ I 982 

Srahl eial.‘“’ 1983 

Liqat-ten & RosenbergIs 
I979 

Listgarten &  Rosenberg150 
I979 

Stahl etal.16’ 1983 
Dragoo &  Kaldahl’62 I983 
Dragoo &  Kaldahl’62 I983 

OFD 
OFD 
OF0 
OFD 

ID 
ID 
ID 
ID 

RP 
NBD 
CN 
CN 

21 
3 

22 
2s 

AUT 
AUT, AU (frozen) 
AUT 
AUT 

ID 
10 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 

RP 
I 

39 

AUT 
AUT 
AUT 
AUT 
AU-I- 
AUT + CA 

None I 
NBC I2 
RP I 
RP I 

RP 3 
CN 3 

AUT ID CN 5 

AUT -?- C4 ID CN 3 
AUT f no RP ID NBD 3 
AUT+RP ID NBD 3 
ALL f no RF’ ID NBD 3 
ALL + RP ID NBD 3 
ALL (DFDBA) ID CN I 
ALL (DFDBA) ID NBD NS 
AU (DFDBA) + CA ID NBD NS 

NAA (evidence for 7 of 2 I) 
NC ,(O mm)  
No evidence of NAA 
No evidence of NAA 

NE? 
NAA (evidence for 33 of 39) 
No evidence of NAA 
No evidence of NA4 

0.7. I .7,0.7, I .o 
NAA 
NAA, NC, NB (5 W-I) 
NAP, NC. NB 
N.A.4, NC, NE 
N.U, NC, NB (ar. rhe base 

of the defect) 
Limited coronal regeneration 

(not qclamified) 
timired coronal regeneration 
NC (0.3 mmj  + RI + F26 
NC (1.7mm) 
NC (0.3 mm) 
NC (2.7 mm) 
Limited coronal regeneration 
No evidence of NAA 
No evidence of NAA 

USA 
Colombia 
USA 
USA 

USA 
USA 
USA 
USA 
USA 
USA 
USA 
US.A 
USA 
USA 

USA 

USA 
Colombia 

Colombia 

USA 
USA 
USA 
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?able 9. (amtinwed) 

Characteristics of RC’I’ Bone Replacement Graft Studies Mot Suhnitfed to Neta-analysis 

Outcome Assessments 

Examiner Masking 

Yes; single masked and 
calibrated examiner 

Yes; calibrated examiner 

Yes; single examiner 

Yes 

Interventions 

ABM 
DFDBA 

Bioactive glass 
Bioactive glass + EMD 

Bioactive glass 
Bioactive glass -t- EM0 

HA-P- I5 
OF0 

PD 

Yes 

Yes 

Yes 

Yes 

CAL 

Yes 

YeS 

Yes 

Yes 

REC CR 

No Yes 

YeS No 

Yes Yes 

Yes Yes 

VDD 

Yes 

No 

Yes 

Yes 

Location/Funding 

University/ 
industry 

Univernty/NS 

University/ 
industry 

University-& 
private practice/ 
industry 

Histological Outcomes Following Treatment of Periodontal Osseous Defects 
with Bone Replacement Grafts 

ReferenceiBRG intervention Defect 

- 
Histologic 
Landmark N (sites) 

NAA (mm), NC (mm), 
NB (mm), CT (mm) Location 

Bowers et aLa’ I989 ALL (DFDBA) + FGG 
Bower-5 etal.‘O’ I99 I ALL (DFDBA) 
Dragoo & Katdahl’62 I983 ALL (FDBA) 
Froum’63 t996 ALL (FDBA) 
Dragoo & Kaldahl 16* 1983 ALL (dentin, demineralized) 

Xenograft 
Nevins et al. lo3 2003 ABM collagen 

Camelo etal.‘04 1998 
Bowers et al. I0 I I 99 1 

AlloplasKeramic Grafts 
.Froum,etal rGr? I982 
Stahl eta~~~.~..i,9~3 ._ 
MOSkbw:&L”baW’~ 1983 

, :_: __ ,- 
Sapk&6~ 1986 
Shepard eta!.‘66 I986 
Loise et al.jb7 \ 1992 
Carranh ei.al.” se, iY87 
Stahl &, Froiir;rt &s I 987 
Eaido&‘& iT.“fG i 983 
Stahl & Froum’7! 1986 
6owers’72 I?86 
Froum & Stahl”’ i O57 / 
SaCat- et I, a I. Ii4 
i,qum i 5 1996 

S’iahl exal.:‘j 1990 
News etaLiT 2000 

ABM 
Collagen 

Durapatite 
Durapa$te 
Du&p&ite[AUT 

MA 
HA 
Coralline calcium carbonate 
PHA. 
PHA 
B-TCP 
p-TCP 
B-TCP 
p-TCP 
p-TCP 
PMMA’PHEMA, CaOH, 
PMMA’WEMA. CaOH? 
Bioactive gi;;ss 

ID CN 
ID CN 
ID NBD 
ID CN 
ID NBD 

ID CN 

ID NBD 
ID CN 

ID RP 
ID CN 
ID/FUR none 

ID 
ID 
ID 
ID 
1D 
ID 
ID 
!D 
ID 
ID 
ID 
ID 
ID 

RP 
RP 
RP 
RP 
CN 
NED 
CN 

CN 

CN 
CN 
NED 

32 
II 

NS 
3 

NS 

1.2, 1.2. 1.8, I.3 
1.7, I .7,2.5,0.02 
No evidence of NAA 
No evidence of NAA 
No evidence of NAA 

2 NAA (3.0,3. I) NB (4. I, 3. I) 
NC (3.4,3.7) 

2 NC, NB, CT 
12 0.1,0.1,0.i,0 

4 No evidence of NAA 
.No evidence of NAA 
NC. ci; (associated with 

AUT only) 
No evidence of NAA 
No evidence of NA4 
No evidence of NAA 
I specimen limited NC 
No evidence of NAA 
NC (O.S), CT {I .6j 
No evidence of NA4 
No evidence of NAA 
No evidence of NAA 
No ei/idence of N,AA 
No evrdence of NAA 
Llmit=d NAA in 41 I I . 
No widenc~ ci N,PP L b. h limiTed 

PXlg awn &je 

USA 
USA 
USA 
USA 
USA 

USA 

USA 
USA 

USA 
USA 
USA 

USA 
USA 
USA 
USA 
USA 
USA 
USA 
USA 
USA 
France 
USA 
USA 
USA 
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Reference;BRG Intervention 

;+lstOi~giC 

Defect Landmark N (sites) 
NAA (mm), NC (mm), 

NB (mm), CT (mm) Location 

Blologicaliy IModified Graft 
Yukna et al.‘” 2002 

Bone Replacement Graft + Barrier 
Harris”* I999 

Harris ‘79 2000 

HarristaO 2002 

Stahl et al.‘*! I99 i 

Mellonig’** 2000 
Nevins et al. lo3 2003 

Paolantonio et al. le3 200 I 
Camelo, et al.’ 84 200 I 

Camelo et al.‘@ ’ I998 
Stahl &  Froum Ia5 I99 I 

Stahl et al.‘85 I99 I 

Nevins et al. lo3 2000 

A B M  +P-15 

ALL (DFDBA) + polymer 
membrane 

ALL (DFDBA) +TET + 
polymer membrane 

ALL (DFDBA) + PWA + 
TET + polymer membrane 

ALL (DFDBA) f ePTFE 

A B M  + collagen membrane 
A B M  + collagen membrane 

A B M  + collagen membrane 
A B M  f AUT f collagen 

membrane 
A B M  + collagen membrane 
PHA + ePTFE membrane 

PHA + ePTFE membrane 

Bioactive glass + ePTFE 
membrane 

ID 

FUR 

ID 

FUR 

ID 

ID 
ID 

ID 
1D 

ID 
ID 

ID 

ID 

CN I 

CN 3 

CN 2 

CN 3 

CN 4 

CN 4 
CN 2 

None I 
NBD 4 

NBD 2 
CN 7 

CN 7 

NBD 5 

NB, NC, NA4 (not quantified) USA 

NAA, NC, NB (2 sites) 

No evidence of NAA, NC, CT USA 

NAA (I site) CT NC (2 sites) 

NC (0. IS, I .7, I .3; raw data 
for 4) 

NB, NC, NAA (IN 3/4) 
NAA (1.9, 1.7) NB (3.0,3.1) 

NC (2.2, I .9) 
No evidence of NAA 
NA4 (4.7) NB (4.7) NC (5.3) 

NC, NB, CT 
NC, NB 5 sites: no evidence 

of NAA 
NC (2.4, I .4, l.O,5.9, I ,o; 

raw data for 7) 
No evidence of NAA 

USA 

USA 

USA 

USA 
USA 

ttaly 
USA 

USA 
USA 

USA 

USA 

Note. Nonsubmerged sites reported for Bowers et aL3* and Bowers et al.r”* 
Abbreviations: A B M  = anorganic bone mineral matrix; ALL = atlograft; AUT = autograft; CA = citric acid; CN s notch base calculus; CT = connective tissue; 
DFDBA = demineralized freeze-dried bone allograft; ePTE = expanded palytetrafluoroethylene; FDBA = freeze-dried bone allograft; FGCi = free gingival graft; 
FUR = class 11 furcation; HA = hydroxyapatite; NAA = new attachment apparatus; NB = new bone; NBC = notch base crest; NBD = notch base defect; NC = new 
cementurn; NS = not stated; OFD = open flap debridement; PHA = porous hydroxyapatite; PMWJPHEMA,  CaOH2 = polymethacrylate + hydroxyethyl- 
methacrylate + calcium hydroxide polymer RP = root planing bevel; f i-TCP = tricalcium phosphate; TEf = tetracycline. 

procedures or other surgical approaches in the treat- 
ment of furcation defects.35~36~45*48*58~85-88~go-g6 Only 7 
randomized controlled studies meeting entry criteria 
compared BRGs to OFD.48~58~86*87~go~g2~g3 However, 
the frequency and distribution of grafts and interven- 
tions, as well as furcation defect types across studies, 
precluded the application of meta-analysis. Therefore, 
there was no inherent basis for clustering or grouping 
of studies to compare treatment outcomes among 
grafts or between grafts and other interventions. 

Overall probing depth reductions for the Class 11 
defects ranged from 1.9 m m  to 2.3 1 m m  for BRGs com- 
pared to 0 m m  to 1.8 m m  for OFD alone.87*govQ2 For 
Class III defects, BRGs produced a change of 0.7 m m  
to 2.43 m m , as opposed to the controls, which attained 
i probing depth change of -1.0 to 2.6 m m .86*g2,g3 
Jlinical attachment level changes were similar for 
mandibular Class II and III defects, ranging from approxi- 
mately 1.5 m m  to 2.5 m m  for grafted sites compared 
to 0 m m  to 1.5 m m  for OFD controls. The results of 

256 

these studies suggest that BRGs alone add relatively 
modest clinical benefits in the treatment of Class II and 
III furcation defects, if complete furcation closure is the 
desired endpoint of therapy. Other evidence-based 
reviews have concluded that combination therapies 
(BRG-GTR) are superior to either therapy alone in the 
management of Class II furcation defects.125l126 

The successfui closure of Class II furcation defects 
remains an attainable But challenging clinical goa1.r2’j 
Multiple clinical factors are considered important in 
achieving a successful regenerative outcome, such as 
plaque control,l smoking,127-131 and defect/root mor- 
phology.132‘*34 Regardless of therapeutic approach, 
multiple patient-, site-, and treatment-related factors 
influence the predictability of achieving furcation clo- 
sure~1,126,132,135-13’7 B  owers and coworkers recently 
examined the relationship of multiple factors to the 
clinical closure of randomly selected mandibular Class 
II furcations following treatment with DFDBA and a 
nonabsorbable membrane after 1 year.134 Complete 
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clinical closure was achieved in 74% of all sites. The 
results of this study revealed that increases in verti- 
cal bone loss, horizontal bone loss, and root diver- 
gence were associated with monotonic decreases in 
the percentage of sites demonstrating complete clinical 
closure. The lowest frequency of complete closure 
was found for defects with vertical or horizontal bone 
loss of ~5 mm. These findings provide important prog- 
nostic information regarding the influence of patient-, 
site-, and treatment-related factors on the clinical 
closure of furcation defects following combination ther- 
apy. Further, the results suggest that clinical trials 
involving furcation defects must include substantially 
larger sample sizes and/or adjust for group differences 
in factors impacting on treatment outcome. Future 
studies are necessary to further characterize the indi- 
vidual and collective contribution of such factors to 
treatment outcome. 

The overall conclusions of this systematic review are 
consistent with those of an earlier evidence-based 
review, which examined randomized, controlled clinical 
trials of at least 6-months duration comparing graft 
materials to OFD in intraosseous defects.13* The results 
of the meta-analysis indicated significantly greater 
improvements in CAL following grafting with coralline 
calcium carbonate, bioactive glass, and HA compared 
to OFD alone. Additionally, significantly greater reduc- 
tions in PD were found for bone aflograft, bioactive glass, 
and hydroxyapatite than for OFD alone. However, sig- 
nificant heterogeneity was associated with outcome 
measures across studies. Intraosseous (bone) fill was not 
submitted to meta-analysis due to the small number of 
qualifying studies. The results of the present meta- 
analysis revealed significant improvements in bone fill 
for each BRG material, except bioactive glass, relative 
to OFD. Moreover, al1ograft.s also were found to result 
in significant improvements in CAL compared to OFD. 
Thus, the results of this meta-analysis corroborate and 
extend those reported by Trombelli et a1.13* 

This systematic review differed with respect to inclu- 
sion criteria from that of Trombelli and coworkers,138 
which permitted the qualification of a larger number of 
controlled studies in the current analysis. In the pre- 
sent review, all controlled clinical trials providing mean 
scores and variance estimates for outcome measures 
were reviewed for inclusion, regardless of the unit of 
analysis. In contrast, Trombelli et al. only included 
qualified controlled studies in which the defect/site, 
not the patient, was regarded as the unit of measure 
in the original statistical analysis. Consequently, sub- 
stantially fewer controlled studies were eligible for inclu- 
sion and analysis. To compensate for potential errors 
in summary statistics (i.e., variance estimates), stud- 
ies were weighted in this meta-analysis according to 
the number of participants contributing defects/sites in 
each intervention arm or group. Each participant, 

therefore, was considered the unit of measure for pur- 
poses of analysis. Multiple defects/sites within a patient 
were considered to provide a “pooled” estimate of the 
true outcome value for the individual. This analytical 
approach permitted’ a more inclusive, and presumably 
more balanced, evaluation of available randomized 
controlled studies. 

Although most literature reviews conclude that grafts 
are clinically beneficial in the treatment of intrabony 
defects,1~2~‘26**3g-141 some have questioned the clini- 
cal significance of gains relative to other regenerative 
procedures.3 Effect-size estimates for each BRG were 
calculated for clinical outcome measures from studies 
submitted to meta-analysis in this review. Estimates 
for each clinical parameter reflect adjustment for cor- 
responding changes in the OFD group/arm. Most bone 
grafts yielded improvements of 1 to 2 mm on average 
in bone fill above that obtained with OFD. Gains in clin- 
ical attachment level and reductions in probing depth, 
however, were generally 0.5 to 1 mm superior to those 
improvements achieved with OFD. Thus, compared to 
OFD, BRGs appear’to support greater improvements 
in hard tissue (bone fill) than soft tissue parameters 
(CAL and PD). In the presence of excellent plaque con- 
trol during wound healing, OFD procedures clearly sup- 
port substantial gains in CAL and reductions in PD, 
attributable primarily to repair via a long junctional 
epithelial attachment.31*‘01*102~142 

Literature-based estimates of bone fill range from 
2.3 to 3.0 mm or 60% of the defect following grafting 
of intrabony defects. 27143 Such effect-size estimates 
do not adjust for differences obtained in the compar- 
ison group (e.g., OFD). Laurel1 et a1.3 reviewed all 
observational and controlled studies published during 
the prior 20 years on the surgical treatment of intra- 
bony defects with OFD, GTR, and bone grafts (DFDBA, 
FDBA, or autogenous bone). When collapsing across 
studies, defect fill was found to be positively corre- 
lated to initial defect depth following OFD and graft- 
ing procedures, as reported by others. Importantly, 
summary statistics provided in this exhaustive review 
highlight important, differences among regenerative 
studies with respect to average initial defect depths: 
OFD (4.3 mm), bone grafts (3.8 mm), and GTR (5.8 
mm). Importantly, the magnitude of the differences in 
mean defect fill parallel initial differences in average 
pretreatment defect depth: OFD (1.1 mm), bone grafts 
(2.2 mm), and GTR (3.2 mm). Thus, comparative esti- 
mates of treatment effect-size based on literature-based 
statistics are difficult to compare and vulnerable to 
confounding. 144 

The goals of regenerative therapy include patient- 
centered outcomes, such as esthetics, ease of personal 
and professional care, incidence of disease recurrence, 
and incidence of tooth loss. In general, the review 
revealed a paucity of documented information related 
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to patient-centered outcomes. insufficient clinical data 
were available to assess the effects of bone grafts on 
gingival recession relative to other treatments; how- 
ever, bone grafts were associated with significantly less 
crestal bone loss than OFD procedures, consistent with 
a potentially more favorable esthetic outcome. Docu- 
mentation regarding adverse outcomes is commonly 
but incompletely reported. In this review, graft exfolia- 
tion was found to be the most common untoward event. 

The need for prospective studies on the long-term 
maintenance of regenerated sites has been identified in 
earlier evidence-based reviews,145 Currently, few con- 
trolled studies provide comparative data on the long- 
term retention of clinical outcomes following treatment 
of periodontal osseous defects with bone replacement 
grafts.632-34>95,98 G enerally, longitudinal evaluations 
have demonstrated the stability of early clinical 
improvements beyond 3 years. Longitudinal data from 
one clinical trial3234 provided soft tissue assessments 
of intrabony sites treated with OFD or bovine-derived 
hydroxyapatite matrix. Forty percent of the sites treated 
with OFD lost attachment over the 5-year period, 
whereas two-thirds of the sites grafted with hydroxy- 
apatite gained attachment over the same interval.34 
Flemmig and coworker@ reported significantly greater 
bone fill and gains in CAL intrabony sites grafted with 
demineralized bone allograft (AAA bone) compared to 
control defects treated by modified Widman flap surgery 
at both 6- and 36-month evaluations. Improvements 
in clinical measures remained stable over time. Longi- 
tudinal studies of osseous graft procedures alone or in 
combination with GTR generally report positive main- 
tenance of clinical outcome parameters.*31r146 Patient 
compliance with oral hygiene measures and frequent 
periodontal maintenance appear critical for optimal 
wound healing and maintenance of long-term thera- 
peutic success following regenerative therapy.1Uj147r148 
Smoking appears to increase the risk for periodontal 
breakdown following regenerative treatments.*31*148 
Future studies are necessary to establish the stability 
of clinical outcomes achieved with grafting relative to 
other treatment interventions. 

The results of this meta-analysis indicate that several 
classes of BRGs support comparable outcomes with 
respect to clinical parameters, such as bone fill. How- 
ever, within the context of regenerative outcomes, inter- 
pretation of improvements in clinical parameters is 
incomplete without consideration of wound healing on 
a histological level. Numerous case reports provide his- 
tological data obtained from excisional biopsy speci- 
mens. However, only 2 series of randomized controlled 
studies were identified that provide histological data.31r’01 
Bowers and colleagues reported compelling histologi- 
cal documentation in humans that particutate DFDBA 
supports the formation of a new attachment apparatus, 

’ . including new bone, cementum, and periodontal liga- 
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ment, when placed in intrabony defects.31*101 In con- 
trast, OFD has been found to result in periodontal repair 
characterized primarily by the formation of a long junc- 
tional epithelial attachment,3’,10’~*02 consistent with the 
results of others.142 A review of other histological data 
also provides strong evidence that autogenous bone 
grafts support the formation of new attachment appa- 
ratus. Limited but well-substantiated evidence also in& 
cates that xenogenic bone mineral matrixlo and bovine 
collagen/mineralized bovine bone matrixlo possess the 
capacity to induce regeneration in intrabony defects. In 
contrast, available data indicate that alloplastic grafts 
support periodontal repair rather than regeneration. 

Current evidence suggests that most postoperative 
improvements in clinical outcome are maintainable in 
the presence of comPliance with oral hygiene mea- 
sures and frequent periodontal maintenance. What 
remains unclear, however, is whether the nature of the 
healed wound; e.g., a new attachment apparatus ver- 
sus long junctional epithelial attachment, influences 
the stability of clinical improvements in the presence 
of risk factors for periodontal breakdown. 

REVIEWERS’ CuNcLu§luNS 
1. Bone replacement grafts generally increase bone 

level, reduce crestal bone loss, increase clinical attach- 
ment level, and reduce probing depth compared to 
OFD procedures in the treatment of intrabony defects. 

2. Hydroxyapatite and bone allograft provide similar 
improvements in clinical measures in the treatment of 
intrabony defects. 

3. The combination of bone grafts and barrier mem- 
branes may provide superior clinical outcomes than 
grafts alone in the treatment of intrabony defects. 

4. Insufficient studies of comparable design are 
available for meta-analytical comparison of treatment 
results for furcation defects. 

5. Histological evidence indicates that autogenous 
bone and DFDBA support the formation of a new 
attachment apparatus. 

6. Histological evidence indicates that a1Ioplastic grafts 
support periodontal repair rather than regeneration. 
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Members of the Section read and studied the review 
titled “The Efficacy of Bone Replacement Grafts in 
the Treatment of Periodontal Osseous Defects,” by 
Mark Reynolds, Mary Elizabeth Aichelmann-Reidy, 
Grishondra L. Branch-Mays, and John C. Gunsolley. 
The focused PICO question addressed by this evidence- 
based systematic review is: “In patients with perio- 
dontal osseous defects, what is the effect of bone 
replacement grafts compared to other interventions on 
clinical, radiographic, adverse, and patient-centered 
outcomes?” 

The bibliographical databases MEDLINE and EMBASE 
were searched by a group of reviewers for studies in 
which bone replacement grafts were compared to other 
surgical interventions in the treatment of periodontal 
osseous defects. The search was limited to human 
studies in English language publications using the 
search strategy with qualifier terminology. EMBASE 
was searched using more restrictive thesaurus terms 
{bone grafts; periodontal) and key words (intrabony, 

intrabony intraosseous, and furcation) with all affixes 
and inflectional endings, for publications not catalogued 
in MEDLINE. These searches were supplemented by 
screening review articles and reference lists of retrieved 
articles as well as hand searches of the international 
Journal of Periodontics & Restorative Dentistry, Jour- 
nal of Clinical Periodontology, Journal of Periodontol- 
ogy, and Journal of Periodontal Research. Section 
members evaluated the manuscript that summarized 
this information and in open forum evaIuated the con- 
clusions brought forth from this review. 

1. Does the Section agree that the evidence-based 
systematic review is complete and accurate? 
The Section was in complete agreement that the sys- 
tematic review was complete and accurate. 

2. Has any new information been generated 
or discovered since the evidence-based search 
cut-off date? 
The Section reviewed the literature since the cut-off 
date of April 1, 2002 and 1 citation, Trombelli et al.,’ 
was identified. This publication included a meta-analysis 
of randomized controlled clinical trials (RCTs) com- 
paring the adjunctive effect of grafting materials with 
open flap debridement (OFD) in the treatment of deep 
intraosseous defects. That review examined only RCTs 
of at least 6-months duration where the patient, not 
the defect/site, was regarded as the unit of measure. 
Meta-analysis showed that clinical attachment level 
(CAL) change significantly improved after treatment 
for coralline calcium carbonate (weighted mean dif- 
ference 0.90 mm; 95% confidence interval [Cl]: 0.53 
to 1.27), bioactive glass (weighted mean difference 
1.04 mm; 95% Cl: 0.31 to l-76), and hydroxyapatite 
(HA) (weighted mean difference 1.40 mm, 95% Cl 0.64 
to 2.16). Heterogeneity in results between studies was 
statistically significant for HA and bioactive glass. The 
authors concluded that overall, the use of specific bio- 
materials was more effective than OFD in improving 
clinical attachment levels in intraosseous defects. With 
respect to CAL, the results of the meta-analysis are 
consistent with the conclusions of the present review 
regarding coralline calcium carbonate, bioactive glass, 
and HA implants. However, due to differences in inclu- 
sion criteria, the present systematic review included a 
larger number of RCT studies, classification of allo- 
grafts for analysis, and clinical outcome parameters 
examined (i.e., bone fill, crestal resorption, and gingi- 
val recession); the present review provides important 
additional results. 

3. Does the section agree with the interpretations 
and conclusions of the reviewers? 
The Section agreed with the interpretations and con- 
clusions of the review. 
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4. What further research needs to be done relative to 
the focused questions of the evidence-based review? 
It was the consensus of the Section that the following 
research needs should be addressed: 

1. Perform prospective long-term (3 years or longer) 
studies on treatment outcomes (e.g., CAL gains, prob- 
ing depth reductions, and bone level improvements) 
to determine their stability. 

2. Evaluate the effects of the treatment on patient- 
centered outcomes (e.g., comfort, esthetics, ease of 
maintenance, function, tooth retention, and systemic 
status) to enhance patient acceptance. 

3. Investigate morphologic factors that influence 
‘treatment outcomes to provide guidelines for the ther- 
apist that enhance predictability. 

4. Perform more investigations of maxillary furca- 
tion defects. 

5. Identify the role of systemic, acquired, or envi- 
ronmental risk factors (e.g., smoking, diabetes) that 
Influence treatment outcomes. 

6. Perform studies that assess factors that affect 
clinical predictability (e.g., presurgicai management, 
intramarrow penetration, II ap design, root preparation, 
operator experience, postsurgical management). 

7. Randomized controlled trials on combination ther- 
apies that incIude a bone graft. 

8. Trials that compare bone grafts with non-surgi- 
cal therapy in patients with multiple sites of intrabony 
and/or furcation defects. 

The Section further recommends, that publications 
reporting the results of RCTs specify the primary and 
secondary outcome measures, incIusion/excIusion cri- 
teria; randomization procedures; allocation conceal- 
ment: evaluator masking; calibration; and summary 
statistics including means, variance estimates, and fre- 
quency distributions for outcome measures (including 
furcation closure). Publications on this topic should 
also include estimates of treatment magnitudes, treat- 
ment predictability, adverse events within the trial (e.g., 
root resorption, root sensitivity, ankylosis), risk/bene- 
fit ratio, and specification of graft bioactivity and source 
of the graft to assist in interpretation across studies. 

5. How can the information from the evidence- 
based review be applied to patient management? 
The consensus of the Section was to reaffirm the criteria 
for periodontal regeneration that were stated in the Pro- 
ceedings of the 1996 World Workshop in Periodontics.2 

A. The evidence supports the use of demineralized 
freeze-dried bone allograft (DFDBA) as a periodontal 
regenerative material in patients. 

Level of Evidence:3 Strong. 
Rationale: There are weli-designed RCTs providing 

both histological and clinical outcomes which are con- 
sistent with this conclusion. There are 2 histologic RCTs 
and 8 clinical RCTs to support this. 

B. The evidence supports the use of bone grafts to 
increase bone level, reduce crestal bone loss, increase 
clinical attachment level, and reduce probing depth 
compared to open flap debridement procedures in the 
treatment of infrabony defects. 

Level of Evidence: Strong. 
Rationale: Assignment of a “strong” level of evi- 

dence is based on multiple RCTs (32 of 36 studies) 
providing clinical outcomes that are consistent with 
this conclusion. 

C. There is evidence to support the use of the fol- 
lowing bone graft materials for periodontal regenera- 
tion: autogenous bone, DFDBA in combination with 
an absorbable polylactide barrier, anorganic bovine 
bone, anorganic bovine bone-collagen, and anorganic 
bovine bone with peptide attachment factor. 

Level of Evidence: Limited. 
Rationale: Assignment of a “limited” level of evi- 

dence is based on a small number of RCTs that pro- 
vide clinical outcome data and uncontrolled human 
histologic studies that demonstrate proof of principle. 

19. The evidence supports the use of porous hydrox- 
yapatite and bone aiIograft to achieve similar improve- 
ments in clinical measures when treating intrabony 
defects. 

Level of Evidence: Moderate. 
Rationale: Assignment of a “moderate” level of evi- 

dence is based on 4 RCTs demonstrating nonsignifi- 
cant differences between groups. 

E. There is evidence to support the use of combi- 
nation therapy (i.e., bone graft and barrier membrane) 
to provide superior clinical outcomes than bone graft 
alone in the treatment of intrabony defects. 

Level of Evidence: Limited. 
Rationale: Assignment of a “limited” level of evi- 

dence is based on 4 smaI1 RCTs, comparing different 
graft/membrane combinations that generally found more 
favorable outcomes with adjunctive use of a barrier. 

1. 

2. 

3. 

Trombelli L, Heitz-Mayfield WA, Needleman I, Moles D, 
Scabbia A. A systematic review of graft materials and bio- 
logical agents for periodontal intraosseous defects. J Clin 
Petiociontol2OO2;~9(Suppl. 3):117-135. 
Lindhe J, Schallhom R, Bowers G , et al. Consensus 
report. Periodontal regeneration around natural teeth. 
Ann Pen’odontol 1996; 1:667-670. 
Newman MG, Caton J, Gunsolley JC. The use of the evi- 
dence-based approach in a periodontal therapy contem- 
porary science workshop. Ann Periodontol2003;8:1- 11. 
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&nice M. Sn&W, MD, Raritan, New Jersey, and the i3edaplermi~ Studies Group’ 

This overview of the safety: of becaplermin gef is 
based on six we&controllqd dinicai studies that 
included patients with lower extremity diabetic 
neuropathic uicqs. Patients receiving becapk- 
min gel (n = !538), placebo gei (n = 278), or good : 
ulcer ,care alone (n .= 190) had a similar inci- 
dence of .tiJcer-related adverse events, such as 
infection, cellulitis, or osteomyelitis. Erythema- 
tous- rash occurred in 2% of patients with sus- 
pected wound infections treated with bedapler- 
min gel and 1% of patients treated with placebo 
gel. No rashes were observed in patients tre&. d 
with good ufcer care alone. The incidence of ca \ 
diovascular, respiratory, musculoskeletai, and 
cetitral and pedpheral nervous system disorders 
were similar ackoss all treatment gro.ups. Mortal- 
ity rates were-also similar across ail treatment 
group& Patients treated with becaplermin &J did 

‘not develop neutraliuing‘ antibodies against, be- 
caplermin. Theiefote, becapjermin gel appears to 
be-a sefe therapy for the treatment of lower ex- 
tremity diabetic ulcers. Am ..J Surg. 1998376 
(Suppi 2A):#3S-73% 0 1998 by Excerpta Medic& 
Inc. 
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D iabetes is a seriohs, chronic disease that affecn: 
milIion people in the United States.lJ PeopJe ti 
diabetes can experience -a- host of microvascul 

complications as a result of chronic hyperglycemia,;incIu 
ing-peripheral neuropathy and accelerated peripheral vi 
cular disease. Together, these two conditions con&ute 
the development of lower extremity diabetic ulcers, w&c 
eventually occur in approximately 1.5% of all people wil 
diabetes diliing their iifetimes.” 

Most diabetic ulcers can be effectively treated with ga 
ulcer care, but’ about 30% become chronic, full-thiclme 
ulcers.4 These chronic ulcers can be difficuit to treat ar 
may lead to more serious complications, such ar infectic 
and gangrene, which are two common causes of amput 
tion in people with diabetic uicers.2*5 In the United State 
approximateiy S7,OOO amputations are performed each ye: 
in people with:diabetes6 Limb amputation is associate 
with high morbidity, increased risk of further amputac~oi 

‘2nd a S-year mortaIity rate of 40% to 60%.23 . i 
‘T$e ability.to stimulate healing in lower extremity d$ 
betic ulcers could reduce the need for amputation inmar 
patients. Platelet-d&rived growth factor (PDGF) , w&d; ’ 
reieased from ceils involved in the wound heakng proces 
is an endogenous protein with growth-prom&&g a&v 

‘-*O The core protein of PDGF is a dimer of two polypel 
z&s, A and/& 0. AI1 three forms of PDGF (PDGF-Ap 
PDGF-AB, and PDGF-BB) are biologically active. Fibrc 
blasts are particuiarly resljonsive co the BB homodimeri 
form of PDGE Becaplermin (&PDGF-BB) ‘is i recombi 
n&t. form of human PDGF-BB that retains the bi&$ 
activity of naturally occurring P.DGF. Becaplermin gel con 
tains rhPDGF-Bv in a buffered, preserved, aqueous-bare 
topica! sodium carbox~ethylcellule (NaCMC) ge! and h; 
been evaliiated far safety and efficacy in the treaanent t 
chronic lower extremity diabetic neumpathic ulcers. _ r:; : ., ;I 

AELSORPTION _. I’ : 
Two.. clinical s&dies were conducted . to de&& 

whether tiecapIer&in’is absorbed systemjcaify following’& 
.daiiy apptiticibn of 100 pg/g becaplermin gel to fuIl-thidr 
ness lowe; extrer& diabetic ulcers for 14 days. PDGF:B: 
Ieveb were assayed via enzyme-Iinked immunosorbent a! 
says (ELISA) following single or multipte daily applicati6F 
of becaplermin get. Plasma PDGF-BB concentration 
(composed of both endogenous PDGF-BB and beca$a 
min) remained near baseline levels. Those changes tha 
were dbserved were srnaII, variable, and exhibited no re& ,..i 
tionship to the txeated surface area. 

Based on these results, and those ot noncliniti studies,; 
the& is mininiai potential for becaplermin gel to elici 
adverse systemic reactions. An ovemiew of the safety: j 
6eTpIermin gel based on six w+cbntrolled clinicaI SW< 

I! . .._ ocm-9810/9B/$t9 
l . PII Sflofl7-Q6~n~Qnlno~‘~ 

H0CJUeStStO~ reprints should be addressed to Janice Iv!. Smiefl, 
:. MD, The- R.W: Joiinson Pharmacauti~af Research Institute, 92.0. 

1. 
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All tights reserved. 
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UNlCAL SAM OF BECAPLERMIN GEL@MlELL 
. ,.o 

% ‘-‘.konducted ip patients with Iowe; extremiy diabetb : 
qs is provided here. 

* r &.: 4; 

@Thiee stud& were conducted to a&ess the skin irritancy :Ft&. 
‘: %and contact. sensitization potential of becaphnin gel. 
p-i-) ese tests~tiompared 30 cLg/g becaplermin geI with pia- 
&ebo gel and saline soiution. 

I%$ In a patch test applying becaplermin gel once daily for 10 
~~&c+ys under occ1usive dressing on ‘intact skin in 10 healthy 
+- _ : 5maIe subjects, no side ef&cts or adverse events were ob- 
I$%rve’h. One subject developed erythema ac a vehicle site, 
i @md -three subjects developed erythema at saIine sites. No :t$.. 
‘fjrreactions’were seen with becaplermin gel. 
1 $,.A chamber-scarification test was conducted involving 10 
{g he&hi male subjects. Stibjects had a daily apptication of 

gel for 3 days, to’abtaded skin under occlusive 
. On.day 4, a 0 to 4 scale was used. to grade any 

i&-of reaction. No side- effects or adverse evenis : 
served. Mean scor& for becaplermin and vehicle . . 

re lower than the saline controts on each corre- ., 
ing forearm. . t 

repeat insult patch- test (or maximization assay), in- 
2.5 heal&y maie subjects, began with five topical 
be&tpter&-t gef (one every 48 h) fo&owed irt 10 to 
with a single 48-hour challenge under occ1usive 

‘ressi&g on intact ski;: Subjects were checked fbr signs‘of 
:actio;l throughout the study. Blood wti collected prior to 

the rhallenge dose for antibody determination. No side 
eects or adverse events were obsenred, no measurable 
prdduction:..of anti-PDGF-BE5 antibodies were detected, 
and nb“co&act sensitization o&n-red. 

Study Design 
Pat&u in six clinical trials were evaiuable for safety if 

;h ey rectived at leasc.one s&y treatment (becaplermin 
&I, placebo gel,. or good ulcer care alone) and had any 
‘information available following study treatment (Table I). 
‘All patients received a program of good ulcer care that. 
included initial cornpIece sharp debridement, systemic con- 
trol.of infection; if pres&nnt, moist saline dressings changed . 
twiCe :daily, and c non-weight-bearing regimen. Patients 

TABLE I 
Design of the Six Prfky Ssf& &die&’ 

Studies 1 to Placebo gel 
4, t&d Becaplermin ‘get; 3O’&g 

Becaplemln gel, tGO w/g 
Gdod ulcer care ‘&lone 

Study 5 ’ Ptacebo gal 
Becaplermin .gei, 30 /AgIg 
Becaplermin ,gel, 100 erg/g 
f3ecaplermln gef, 300 &g 

study 6 f’\acebO gd : 
Becaplermln gel. 100 &g 

-. No. of . Durqtion< 
Patients of Study 

254. 20 weeks 
193 j... 
285 

190 : 
23. 4 weeks 
19 
20 :. 

..‘18 
: . : z .j ; , day 

3 : I . 

-. .,: 
-were at least 19’ years ‘if age and had at least’ one; but no 
more than three+, chronic (of at Ieast 8 weeks duraiiori) 
fult-thickness diabetic ulce& of je !ower extremity. .. 

Safety assessments of beqplttrrnin gel tiere based on‘the 
incidence of adverse even& serious adverse events, discon- 

,cinuation du’e to adverse everits, clinical laborat&y data, 
physical exam’itiarions, and vital signs. Cardiovas&lar-re- 
lated adverse yents were alsd monitored. 

Safety data weresC;olIecr’ed at each visit, and discontinu- 
ation information was coIlect+ at the final visit. Treat: 
me&emergent adverse i-events were defined as adverse 
events that newly appeared or worsened in severity fpllow- 
ing the initiation of therapy. 

Phjsical exar&nations, which included. assessment 0; vi- ’ 
tal signs (weight, tetiperature, systolic/diastolic blood pres- 
sure, pulse, and respiration) and clinical laboratory tests, 
we?e performed at the screening visit prior to the applica- 

. tion of study treatment and at the end of therapy. At t&se 
visits, patienw were also assessed by ELISA for the &vel- 
opment of Hntibodies to’ becaplennin. Although 2 of ,452 
evaluable patients showed ‘ati antibody respbnse to be; 
caplerrnin, the antibodies wete not neutralizing, werk of 
very low affinity, and were probably the result of nonspe- 
cific binding iri the assay. 

Safety Data . : . 
A total of 1,006 patients in these six trial9 were consid- 

ered evaluable for. safev (Table I). Of these, 190 received 
1. 

TABLE II 
Demographic Characteristics of Evaluable Patients in the SIX Primary Safety Studies‘ 

Good Ulcer .Becapkwmin .’ Secaplermin 
Care Afone Pfacebb Gel :Gid, t” Erg/g Gel, Ail Doses 

{n = 190)’ (n = 278) (n - 308) (n =  538) 
S8X (%) _ 

Male 74 73 69 67 
Female . 26 27 31 33 

Race, (%} 
White- 80 83 81 62 
Black 11 13 12 12 
Other 9 5 7 6 

Age (years) 
S60 51 62 : 56 54 
>6U 49 38 44 46 
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Mean 6asdine Characteristics: Target Ulcer Ev&stjons L. 

\. Good Ulcer Placebo 
Care Atone 

Becapkmin Gel, 
Gel 

BeCaplbrmin 
-JoPs/s : 

(rr=t90) (n=Zs) (n=3q 
Gel, All Doses 

Mean target ulcer area &rn~* 
tn=53q . 

2.51 4.3k 2.97 . 
Mearvtime from onset, to base&m visit’ (weeks) 60.4i* 

3.28 
70.13 

fcp0, at foot dorsum/wound edge [mm j?g)* 
53.82 56.88 

56.1 ’ 56.5 
. . . . . 

56.0 
Toltal wound evafoation scoreQ 

55.2 
2.6 ’ 

$atelt#e ulcer (% ‘of patients) 
22 : 2.3 : 2.3 I:- 

Present’. Ij i. . . . . . .a3 
‘ Absent 

74 ; 75 72 
-17 18 1.7 

WA 
17 

0 9 7 11 
* : 

. .’ 

,.. ‘.Z ‘1. Reasons for Discontinuation 
-;, y .  .1. , .  

:. ,.Y ’ . Good Utter 
.;l. :,:. ‘. . . .: Care Alone 

i Reason ‘I .:‘. ..’ (rI=wo) 

I Adverse event (%) _ . 11. 
1. Lbst to’i&\;‘jsup (%I -.., L-. - ... :,‘e’e’- 5 

’ Subject Choice (%):I : ‘:,-. , ; 
OtheC(%)“‘.i :-:!.X _.‘;- i: .‘.:;l ;_. 

3 
1 

Total dlscontinuatlons (%) _ .. : i. 20: 
.:Total completing study (%) :’ ( %. 80 
-p-+iyt fzyre~*~(%) :‘: . .: ‘1: 0 

_ 

_I ._* 

Placebo Becap!elmin Becapietmin 
Get . -I,*00 P9& Gel, All Doses 

(13 =278) . (n = 308) (n=!siq 
11 .. 8 ‘_ 9’. 

2 ‘2 - ‘3, , 

0 i 7 1; 
5: 3 c. 4 

18 
: ; 

‘13 15 
82 87 85 
‘4 3 3. : 6 *.-.’ 

zients in that go@ .P& 
Jex!min.gel or ar$d&k:of,be 

--- ‘“‘Y- .x,sure*timkzs (median of‘11 
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Incidence of Ad\erSe Events Repot&d by >‘5%.df k&enis i :i -: -. : 
‘.P 

_I Good Ulcer Placebo .: Be&plermh--- Ekaphmin 
Care AJone Get:. Gel, 100 pgig te!, Aft Doses. 

Event (%) (n =190) (n=mJ) .-(n-308) ~r$l,~53fJ) 

infection 26 21 21 .1a ’ 
Skin ulceration 20 .I .9 14 ‘:,i 12 

- C&&is 15 12 12 .;.j 10 -. 
Osteomyelitis 11 6 9 : , ‘7 
CentraVperipheraf nervous system _, 9. ” ‘5 s’., .: .:7 _ __ 
Skiti disorder 0 4’. ‘_I 7. 5 , 
Upper respiratory tract 0 6 7 rs 
Urinary sysjem - 5 6 6. ‘5 
Metab@ and nutritional 5 4, 6 5 
Pain 16 7 (j .Jj:.. 
Bull&s eruption 5 3. .:6-: -5:. 
%%+I2 3’ 2 : 
Cardiovascular 6 5. 

_ . . 6 : ; “j- :. 
5. .:, : 

. 

Nausea 6’ 4 
Vascular 7: .3.. 

tJ.;, 3 
5’ - .- Peripheral edema I 7 5 .*-.: 2.’ 2 : 

Fever 6 3 .:: 2., _.’ 2. 
Any adverse’ event 81 67 : 70 .66 

7 , , . . 

.J I . . ‘3 

. !TAB&~f :. . . ‘.. ._-, 

: fncidence of Treatment-Emergent Ulcer~lnfectlon-Retated Adverse Events I 

1 
. . : 

i _: .:’ 
i :. 

. 

.: 

e. Good Uker Placebo Becapfenntn Be~aplermin 
-. . Care Alone . Fel 

Body System/Preferred Term (n = WI) (%I. (n = 27&)42). 
Ga4 ml f-&3 

--, (n = 309) (%). 
Gel, All Doses 
(n = 538) (“Al) 

Resistance mechanism disorder , 
: 

Jnfection . 18 15. . 15 ‘, I 12 ; 
’ Bacteria{ infections 3 1 2’ 1 

. Appflcation site disorders . - 
,Celblitis . 11 7 . 8 7 

_ - Musculoskeletal disorders __ . . . 
otieomyetttis . a; 5 ‘- 

a _. - -. .._._ 4 _ 

Genera! disorders” 3. : 3. ’ 1 1 
Skin and appendage clisordersf . 2 3 . 2 1 

: Any infection-related adverse .I 
event assdciated with ulcer 33 . 26 3 i2 _ 

l tnchldktgedema, clnd~t4naggcava:ed. irchemicnecrosi$, padn. rever,ti~ederna 
thcf@ngaryMemetwsr8~Wious~tin, erythemird.miwn, abnonnelS~odot;~and~~~ I 

j+.‘- 

t.1 comhleted studies (87% and 859/o, respectively) th& did 
:ypatiencs treated with placebo gel (82%) or g&d ulcer 
‘. care’alone [SO%}. Nine percenr of patients neared with 
’ becap&-nfn gel (all doses combined), 8% of those 

k tieated with 100 pg/g becaplermin gel, and 11% of 
‘> patients neared with placebo gel or good ulcer care 
‘t’_alone .discontinued treapent because of adverse e&n&. 
’ Disorders cummonly associared with chronic diabetic 

‘cers (infection, ceIl&is, and osteomyelitis) were the 
‘verse ,evencs that most frequently led co discoritinua; 
G. of,nearment. 
1:.-.- ,&- .> . 

? Summary 6f Treatment-Emergent Adverse Events 
AU Adverse Events. In these. six studies, 351 of 5j8 

(66%) pitienrs treated with any concentration of becapfer- 
1. min gel‘ reported at least one treatme.nc-emergent adverse 

event (Table V). The oven4 ‘incidence of at least orie 
adverse event was higher for pasients treated with good . 
uicei care alone (81%) than it was for those treated ‘With 
placebo gel (67%) or 100 +g/g becaplermin gel (70%). 
Many of the adv&se events repo.ned in these studies were 
related ‘. to. patients’ uler(s) of; .rheir undedying disease 
state. The Gost commonly reposted adverse events were 
infection, cellulitis, : skin ulceration (ac urtueat&d sites), 
pain, and osceomy#s. The incidence- of- infection was 
slightly higher in the group receiving good ulcer care alone 
{269&j than in the groups treated with placebo gel (21%) 
or-lob *g/g becaplermin gel (21%); patients treated wirh 
an&&se of becaplermin.geg hada 18% incidence of infer- 
tiont~he same trer& were observed fpr incidences of pain, 
celfulicis, osteomyelitis,. and skin- u&ration; patients re- 
ceiving good ulcer care alor$had a higher incidence than 

I  
, :  

: 



Figure I. Days to Of 

- Good ulcer carealone (n = 190) 
Plactibo gel plus.good utcer,+e (n = 275) $ 

--- - Becaplermin geti. pgfg (n= 305) I 
- . - 

1 t 1 I I I , I 3 
0 20 40 fXl ’ 80 I 100 120 140 160 

Treatment day : .: :; 
any treatment-emergent wound infection-related adverse event associated with the target ulc 

., I _ -_.. . - 
. 

other treatment groups. Generally, the incidence of ad-. 1 
verse events by ‘degree of severity (mild, tiadeiate,. or 
severe) was evenly distributed across treatm&t groups. 

Ulcer Infection-Related Adverse Events. Infection-re- 
lated adverse events &.s&ared with lower extremity dia- 
betic ulc$rs,*such as cellulitis, okeomyelicis, and infection; 
were .of @rticuiar interest’ in these studies. The incidence 
of these adverse events was highest in patients receiving 
-$+xi ulcy care alone (33%) and lowest in patier& beated 
with ‘bectipkrrnin gel at any dose (22%) (Tabie VI).. A 

slightly I liigher proportion’.of patients treated with good 
,ulcer care. alone’ (21%) experienced iesistance mechanism 
,disorders. thF did patients treated with placebo gei (16%), 
1100 b&/g becaplermin gel .,( 17%) ,‘or !xxaplermin gel, ‘all 
‘doses coqbined (13%). T&s difference was largely related 
. to the incidence of infecrions, which was. 28% in patients 
treated with good ulcer care alone, 15% in thpse treated 

.wi&‘.placebo ,gel, 15%..for. &se treated with ,100 j&j: 
becapler@n j gel, : and : $2% for all ihose treated ,wieh any 
dose: bf .becapIermin ‘gel.. Similarly, patients treated with 
:good:,uickr care ,aIone had. a. slighdy higher. incidence of 
xellulitis &d. bsteomyeli& associated with the ulcer (11% 
‘and 8%, resljectiveiy) than: did’patienn treated with pIa- 
,cebo g&.(7% and 5%, respectively),; 100 &g becapl&&n 
.gel: (&:and 6%, respectively)~or~all. b~caplernti~.&zl doses 
combined. (7% and 4%,.respectiveiy). Erychemacous rashes ’ 
o&red ;in ‘2% of patientsd.wha had suspkzd wound 
,infecCiop and were created. with. befaptesmin gel (either 
+JJ?S&/g 07 ail. doses. conibined) :,or place& gel,. whereas 
&ne~.occuried: in patient? &c&ving gobd ulcer care alone. 
j:!:The diffe&xes .in ,the. in&e&e oflinfection-related ad- 
.vetse &vents &sociared wit& ihe target ulcer between. con- 
.troi therapy @od:ulcer c&e aione and phicebo’get treat- 

ment groups) and groups treated with becaplermin g 
calculated using Fisher’s Exact Test:.These c 
revealed significantly lower overall incidences-$ 
related adverse events in the 30 pglg be&pfe& get{ 
0.03) or all becaplermin gel doses combined (P = 0.0 
creacmenc groups! but not in the lp’kg/g becapkmiri 
treatment group fP = 0.326).: 

Serious Adverse Events. Adverse eve&‘&e 
serioJs if they were. fataf, immediately life th 
permanentiyior significantly disabling, required 
hospitalizatidn, or .were neoptastic. Pat+s &x. 
treated with. go&i i.&z$r care alone had a sligli 
incidence of seriqus adverse events’ (28%) than d 
in ocher groups: 25% for placebo ge 
parie$.s, treated with 100 &g becacjl 
for those treated with any dose of& 
&s associated with the muscu~oskel 
cation site, resistance. me 
vasblar system were cfie 
quentiy repotpd serious ad 

.ceiluiitis,hfection, and perip 
serious adverse .&ents were co&de 
study medication. 

Deaths. Thirty-seven patients died du 
ipation in these studies, including. 21 (4 
with.becaplermin get,.9 (39’0) treate 
7 (4%J a&ted with good ulcer c 
deaths; only 4 occur&i duri 
the piacebo &zi &up and 3 in 
ulcer care alone. :A11 031 
p&t-&krapy. Most of the de 
underlying disease and were a result of disorders 
experienced in people with d 
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2. SYNOPSIS 

330 Mallory Station, Suite A-l 
Franklin, TN 37067 

Group I: p-TCP and 0.3mg/ml rhPDGF-BB in a sodium acetate buffer 
Group Ix: p-TCP and l.Omg/ml rhPDGF-BB in a sodium acetate buffer 

rhPDGF-BB, also known as becaplermin or PDGF, is purified recombinant 
human platelet-derived growth factor which is marketed in a separate 
formulation under the tradename of “Regranex”. 

(CONTROL) 
PRODUCT: 

(As described above, p-TCP is a marketed bone augmentation device in 
orthopedics that is not cleared for market in periodontal applications and, as 
such, represents an ‘active’ control). 

PROTOCOL TITLE: A Randomized, Double-Blind, Controlled, Parallel-Arm, Pivotal Human 
Clinical Trial To Evaluate The Safety and Effectiveness of GEM 21Sm for 
the Treatment of Periodontal Bone Defects 

PROTOCOL NUMBER: BMPI-2001-01 

U.S. IDE NO: US FDA Investigational Device Exemption Number: GO20340 

INVESTIGATORS AND Study enrolIment was performed at 11 centers. 
STUDY CENTERS: 

STUDY DURATION: May 10,2002 - May 7,2003 

STUDY OB.IECTlVES: The objective of this pivotal clinical study was to evaluate the safety and 
effectiveness of GEM 21Sm in the management of intra-osseous 
periodontal defects and to assess its regenerative capability on bone and 
soft tissue. 

STUDY HYPOTHESIS: GEM 2151-M promotes greater soft tissue and bone regeneration as 
measured by ClinicaI Attachment Level (CAL) and radiographic bone 
measurements than an osteoconductive scaffold alone (p-TCP) and 
historical benchmarks of effectiveness. 

I 
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DOSE AND MODE OF 
ADMINISTRATION: 

SAFETY 
MEASUREMENTS: 

EFFECTIVENESS 
MEASUREMENT: 
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i March 8,2004 

SEM 21Sm is composed of p-TCP and PDGF, both currently marketed 
materials. /3-TCP is an FDA cleared bone augmentation device used in 
orthopedics, and PDGF is an FDA approved wound healing agent. PDGF 
has been shown to promote the regeneration of periodontal tissue including 
bone, cementurn and periodontal ligament (PDL) in numerous animal 
studies as well as in a published human clinical study. 

This was a double-blind, controlled, prospective, randomized, parallel 
designed, m&i-center clinical trial in subjects who required surgical 
intervention to treat intraosseous periodontal defects. The subjects were 
randomized in equal proportions to three (3) treatment groups of 
approximately 60 subjects each (180 total). 

The duration of the study was six (6) months following implantation of the 
study device. 

The study enrolled 180 subjects. 

Male and female subjects, 25-75 years of age, with advanced periodontal 
disease in at least one (1) site requiring surgical treatment to correct a bone 
defect. Other inclusion criteria included: 1) A probing pocket depth 
measuring 7 mm or greater at the baseline visit; 2) After surgical 
debridement, 4 mm or greater vertical bone defect (BD) with at least 1 bony 
wall; 3) Sufficient keratinized tissue to allow complete tissue coverage of 
the defect; and, 4) Radiographic base of defect at least 3 mm coronal to the 
apex of the tooth. 

Subjects who smoked up to 1 pack a day and teeth with Class I & II 
furcation involvement were specifically allowed. 

AI1 treatment kits contained 0.25 gm of P-TCP (an active control) and 
either 0.5 mL sodium acetate buffer solution alone (Group III), or 0.3 
mg/mL rhPDGF-BB (Group I), or 1.0 mg/mL rhPDGF-BB (Group II). 
Following thorough debridement and root planing, the solution was mixed 
with the p-TCP in a sterile container, such that the p-TCP was fully 
saturated. The root surfaces were conditioned using tetracycline, and the 
hydrated graft was packed into the osseous defect. The tissue flaps were 
secured with interdental sutures to achieve complete coverage of the 
surgical site. 

Safety was assessed by the frequency and severity of adverse events as 
evaluated clinically and radiographically. 

The primary effectiveness measurement included an initial comparison to a 
1.5mm gain in clinical attachment level (CAL) and the change in CAL 
between baseline and six months post-surgery comparing Group I vs. 
Group III. 

The secondary effectiveness measurements consisted of the following 
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outcomes: 
1) linear bone growth (LBG) and % bone fill (%BF) from baseline to 

six months post-surgery based on the radiographic assessments 
(Group I and Group II vs. Group III). 

2) change in CAL between baseline and six months post-surgery (Group 
Il vs. Group Ill). 

3) probing pocket depth reduction (PDR) between baseline and six 
months post-surgery (Group I and Group Il vs. Group Ill), 

4) gingival recession (GR) between baseline and six months post- 
surgery (Group I and Group II vs. Group El). 

5) wound healing (WH) of the surgical site during the first three weeks 
post-surgery (Group I and Group Il vs. Group III). 

6) area under the curve for the change in CAL between baseline and 
three (3) and six (6) months (Group I and Group II vs. Group III). 

Comparisons to Historical Benchmarks of Effectiveness 
7) the 95% lower confidence bound (LCB) for %BF at six (6) months 

post-surgery (Groups I, II, and III vs. demineralized freezedried bone 
allograft (DFDBA) as published in the literature - Parashis et al., 
1998). 

8) the 95% LCB for linear bone growth at six (6) months post-surgery 
(Groups I, II, and III vs. demineralized freeze-dried bone allograft 
(DFDBA) as published in the literature - Persson et al., 2000) 

9) the 95% LCB for the change in CAL between baseline and six (6) 
months (Groups I, II, and II vs. EmdogainB -PMA P930021,1996). 

10) the 95% .LCB for the change in CAL between baseline and six (6) 
months (Groups I, II and III vs. PepGen P-lSTM - PMA P990033, 
1999). 

Following the completion of the GEM 21s clinical study, and at the 
suggestion of FDA, a comparison of the GEM 21s clinical results was 
made to the findings reported by the American Academy of 
Periodontology-sponsored “Workshop on Contemporary Science in 
Clinical Periodontics”. This Workshop reported on a meta-analysis of the 
literature and was published in the December 2003 issue of the Annals of 
Periodontology. Finally, also at the suggestion of FDA, an analysis was 
performed to determine if an individual center or an individual patient 
could have contributed to the apparent slight decline in CAL Gain values 
for Croup I from three (3) months to six (6) months. 

Safety and effectiveness data were examined and summarized by 
descriptive statistics. Categorical measurements were displayed as counts 
and percents, and continuous variables were displayed as means, medians, 
standard deviations and ranges. Statistical comparisons between the test 
product treatment groups (Groups I and B) and the control (Group BI) were 
made using Chi-Square and Fisher’s Exact tests for categorical variables 
and t-tests or Analysis of Variance Methods (ANOVA) for continuous 
variables- Comparisons between treatment groups for ordinal variables 
were made using Co&ran-Mantel-Haenszel methods, A ~50.05 (one 
sided) was considered to be statistically significant for CAL, LBG and 
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Descriptive statistics were presented for supplemental analyses. The 
:xploratory subgroup analyses were stratified by demographic variables and 
3aseline characteristics. 

Safety data were assessed by the frequency and severity of adverse events 
3s evaluated clinically and radiographicaliy. 

SUMMARY OF 
BASELINE 
CHARACTERISTICS: 

SUMMARY OF 
SAFETY RESULTS: 

There were no statistically significant differences in baseline characteristics 
observed between the treatment groups. 

j Gender 
l Female 

I l Male 
Age (Yrs) Mean If: SE 
Smokers 
Mean PD (mm) Mean 3~ SE 
Defect Class 

49.4 (zk1.3) 50.4 (S-7) 1 52.8 (k1.2) 
I 

1 
20% 31% 20% 

8.6 (kO.2) 8.2 (kO.2) 1 8.3 (kO.2) 
I 

77% 
I 

80% 
I 

75% 
23% 20% 25% I 

*C = Cxcumkrentlal 

There were no statistically significant differences observed in the incidence 
of AEs (all causes) among the three treatment groups as summarized below. 

In Group I, 73.3% of subjects experienced at least one (1) adverse event for 
a total of 88 AEs; in Group II, 68.9% subjects experienced 93 AEs; and in 
the active control group (Group Ill), 66.1% subjects experienced 89 AEs. 
The most frequently experienced AE for all treateent groups was pain at 
the surgical site, which was an expected sequelae following routine 
periodont@ surgeries. 

Seven (7) subjects in Group I, six (6) subjects in Group II and five (5) 
subjects in Group IIJ experienced AEs that were assessed by the 
investigator as likely or definitely related to the investigational product, 
none of which were considered serious {see below). 

Four (4) subjects experienced four (4) adverse events classified as “serious” 
(SAEs), nqne of which were directly attributable to the test product(s). One 
(1) subject in Group I (spine surgery requiring hospitalization), one (1) 
subject in Group II (stomach ulcer) and two (2) subjects in Group IlI 
(bronchitis and skin carcinoma). 
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SUMMARY OF 
EFFECTIVENESS 
RESULTS: 

t 
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No subject discontinued participation in the study due to an adverse event. 
The safety analysis did not identify any increased risk for the test products. 

The results from the statistical analyses revealed both &nicaIly and 
statistically significant benefits for the two GEM 21SR*’ treatment groups 
(Groups I and II), compared to the active control of p-TCP alone (Group 
III) and historical controls including DFDBA, Emdogain@ and PepGen P- 
15”. 

At three months post-surgery, a statistically significant CAL gain from 
baseline was observed in favor of Group I versus Group III (p=O.O41) 
indicating that there are significant early benefits of PDGF on the gain in 
CAL. At six months post-surgery, this trend continued to favor Group I 
over Group III, although this difference was not statistically significant 
(p=O.200). The area under the curve analysis (AUC) which represents the 
cumulative effect of CAL gain between baseline and six months 
approached statistical significance favoring the Group I in comparison to 
Group III (p=O.O54). Further, the 95% lower confidence bound (LCB) 
analyses for all treatment groups substantiated the effectiveness of Groups I 
and II compared to the CAL gains observed at six (6) months for 
EmdogainB and PepGen P-lSTM. 

In addition to the observed clinical benefits of CAL, radiographic analyses 
of Linear Bone Growth (LBG) and Percent Bone Fill (%BF), revealed 
statistically significant improvement in bone gain for Groups I and II vs. 
Group III. LBG was significantly improved in Group I (2.5mm) when 
compared to Group BI (0.9mm, p<O.OOl), and in Group II (1Smm) when 
compared to Group III (0.9mm, p=O.O21). 

%BF was defined as the percent of the original osseous defect filled with 
new bone as measured radiographically. Percent Bone Fill (%BF) was 
significantly increased at six months post-surgical in Group 1(56%) and 
Group II (34%) when compared to Group III (18%), for a p<O.OOl and 
p=O.O19, respectively. 
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Comparison ofradiographic % bone fill to current therapies. The comparison of % bone 
fill as evaluated radiographically for GEM 2 1 S and other currently available therapies 
including Emdogain (6-8 months post-op), allograft (12 months post-op), and surgery 
alone (6-8 months post-op) 

GEM 21 S was shown to provide improved new bone formation in 
comparison to historical benchmarks and the active p-TCP treatment group. 
The 95% lower bound of the confidence interval at six months post- 
surgery, for both linear bone growth and % bone fill, substantiated the 
effectiveness of Groups I and II compared to current approved treatments 
and the published radiographic results for DFDBA, the most widely used 
material for periodontal grafting procedures. 

At three months, there was significantly less Gingival Recession (GR) 
(p-0.041) for Group I compared to Group III consistent with the beneficial 
effect observed with CAL. No statistically significant differences were 
observed in PDR and GR at six months. Descriptive analysis of the 
number of sites exhibiting complete wound healing (WH) at three weeks 
revealed improvements in Group I (72%) vs. Group II (60%) and Group III 
(55%), indicating a trend toward improved healing. 

To assess the beneficial effect for clinical and radiographic outcomes, a 
composite effectiveness analysis was constructed to determine the percent 
of patients with a successful outcome as defined by CAL > 2.7mm, LBG > 
1. lmm, and %BF > 14.1% at six (6) months. The benchmarks of success 
were established by the mean levels achieved for these parameters in the 
PMA approved devices as identified in the ‘<Effectiveness Measurements” 
section, above. The results showed that for the LBG and CAL composite 
effectiveness, 61.7% of Group I patients and 37.9% of Group II patients 
met or exceeded the composite benchmark for success compared to 30.4% 
of Group III patients, resulting in a statistically significant benefit of Group 

- I vs. III (p<O.OOl). The %BF and CAL composite analysis revealed 
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msistent benefits for Group f(70.0%) vs- Ill (44.6%) for p-value of 0.003. 

.n analysis to assess the reliability of CAL measurements was performed 
y measuring the following two types of agreement: 

1. Agreement between three pairs of measurements taken by the same 
investigator (within investigator), and; 

2. Agreement between each of the final investigator measurements 
paired with those taken by a “gold standard” examiner (standard 
comparison). 

T 
dl 

he resultant analyses provided the measure of reliability (“kappa”) as 
es&bed in the following: 

. Kappa = 0.9596 demonstrating in&a-examiner reproducibility 

. Kappa = 0.8901 demonstrating inter-examiner consistency 

‘he calibration analysis revealed that the probing measurements taken were 
0th reproducible within each investigator and consistent across all 
xarniners. e: 

rt 
ir 
II 

1 summary, Group I (p-TCP plus 0.3 mg/ml PDGF) achieved statistically 
eneficial results for gain in clinical attachment levels and less gingival 
xession at three (3) months as well as gain in linear bone growth and 
rcreased bone fill at six (6) months, compared to the active control Group 
II which received &TCP alone. The clinical significance of these results is 
onfirmed by comparison to historical benchmarks of effectiveness for 
ther approved treatments. Furthermore, the beneficial effects of GEM 21 S 
rere observed in all types of defects, including f-3 wall and 
ircumferential. These results address an unmet clinical need in that GEM 
1s provided a clear benefit even in the most severe cases where P-TCP 
lone was ineffective. Thus, GEM 21s provided a more predictable 
‘eatment option for all types of defects than the active l3-TCP control. 

CAL Gain (mm): 3 months 3.P 3.4 3.3 
(p=Q.o4) (p=O.40) 

CAL: AUC Analysis (mm x wk} 47*5* 61.8 60.1 
(p=Osn) 1 (p=O.35) 

CAL (mm): 95% LCB 6 months 3.3 3.2 3.1 
(vs 2.7 mm for EMDOGAIN & 
f _ 1 mm for PEPGEN) I 

I 

I / 
GR (mm): 3 months 0.5” 0.7 0.9 

(p=O.O4) (p&46) 
LBG (mm): 6 months (pZO1) Is* 0.9 

(p=O.OZ) 

%BF: 6 months 56.0* 33.9* 17.9 
(p<O.OOl) (p=O.O2) 

Composite i CAL-LBG 61.7%* 37.9% 30.4% 
Analysis i (p<O.ool) (p=O.20) 
(% Success) [ CAL-%BF 7O.O%Y 55.2% 44.6% 

I- I (p=0.003) (p=O.13) 
* Statistically significant 
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Following the completion of the GEM 21s clinical study, and at the 
- 

suggestion of FDA, a comparison of the GEM 21s clinical results was 
made to the findings reported by the American Academy of 
Periodontology-sponsored “Workshop on Contemporary Science in 
Clinical Periodontics”. This Workshop reported on a meta-analysis of t&e 
literature and was published in the December 2003 issue of the Annals of 
Periodontology. 

GEM 21s (P-TCP+0.3mg/ml PDGF) was compared to the results of the 
two workshop reports from Reynolds et al and Giannobile et al. The two 
assessments were each performed by the lead authors of these publications. 

In the analysis completed by Reynolds et al, the GEM 21S clinical results 
compared favorably to the historical results using open flap debridement 
(OFD) and allograft among others as assessed by clinical attachment Ievel, 
probing depth, and linear bone fill. These results are summarized in the 
following table. 

Abbreviations: 
O-open ff ap debridement; ALL=allografi; AUT=autograft; CER=ceramic; 
COR=coralline; GLA=Bioactive glass 

The author concluded that GEM 215 demonstrated clinical effectiveness in 
the treatment of periodontal bone defects and, as described, provided 
favorable outcomes to these historical clinical measures, 

In the analysis completed by Giannobile and Somerman, the GEM 21s 
results again compared favorably to the historical results using Emdogain, 
allograft and OFD as assessed by clinical attachment level, probing depth, 
and linear bone fill. These results are summarized in the following table. 
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1 
I The authors of this assessment concluded that GEM 21s was safe and 

:ffective and was 1ikeIy to provide superior results in clinical applications 
where bone augmentation is warranted. 

SONCLUSIONS: 3EM 21Sm was shown to be safe and effective in the restoration of 
alveolar bone and clinical attachment around teeth with moderate to 
dvanced periodontitis in a large, randomized clinical trial involving 180 
;ubjects studied for up to 6 months. These conclusions are based upon 
accepted clinical and radiographic measurements as summarized below. 

The data quality in this randomized, controlled clinical study was assured 
:hrough: 1) the use of an independent CR0 which monitored the study, 
andomized the subjects and carried out statistical analyses in accordance 
with GCPs; 2) the use of trained examiners who demonstrated acceptable 
.ntra- and inter-examiner error. and by 3) complete blinding of all study 
personnel for the duration of the trial. 

Ihis study revealed no evidence of either local or systemic adverse effects. 
Ihis is consistent with the GEM 21s biocompatibility data and the 
listorical safe use of each individual component where the GEM 21s 
:linical study revealed no evidence of either local or systemic adverse 
zffects. There were no adverse outcomes attributable to the study device 
md the device was found to be safe. 

SEM 215 was found to be an effective treatment for the restoration of soft 
issue attachment level and bone as shown by: 

l Significantly improved clinical attachment levels at 3 months 
compared to the active control, a finding that was consistent with 
the area under the curve analysis that showed an improvement in 
clinical attachment level gain between baseline and six months; 

* Significantly improved linear bone growth and % bone fill 
compared to the active control; 

* Significantly improved clinical outcomes as shown by the 
composite analysis of both soft and hard tissue measurements 
compared to the #&TCP alone active control; 

* Exceeding established benchmarks .of effectiveness both clinically 
and radiographically. 

The GEM 215 clinical results were compared to tpo recently published 
meta analyses literature reviews by the authors of these AAP reports. It 
was concluded that GEM 21 S provided for improved outcomes compared 
to current standards of care. 

The results in the GEM 21s clinical study report followed an intent to treat 
statistical approach. Additional statistical analyses suggested by the FDA 
demonstrated greater improvements in CAL for GEM 21s. 

The effectiveness outcome measures, as shown in the clinical and statistical 
results above, together with extensive and confirmatory data,from in vitro, 
animal and other human studies, provide a persuasive and powerful record 
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on the benefits of GEM 215 in regeneration of both soft and hard tissue in 
periodontal defects. Thus, it is concluded that GEM 21Sm was shown to 
achieve clinical and radiographic effectiveness by six months for the 
treatment of moderate to severe intraosseous periodontal defects. 

As a fully synthetic product, the risk-to-benefit assessment, establishes the 
GEM 21s device to have a sound and compelling clinically beneficial 
effect as measured by standard and accepted outcomes with minimal or no 
risks. 
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Adverse Event 

1 Alanine Transaminase (formeriy SGPT) 
Analysis of Variance 
Area Under the Curve 
Aspartate Transaminase (formerly SGOT) 

1 Buccal 
Bone Defect Depth (vertical) 
Bone Morphogenetic Proteins 

FGM 

GCP 

Free Gingival Margin 
FulI Mouth 
Good Clinical Practice 

GERD 
GR 
HA 
JADR 
ICH 
IDE 
IGF 

L 
LBG 
LCB 

Gastro EsophageaI Reflux Disease 
Gingival Recession 
Hydroxyapatite 
International Association for Dental Research 
International Conference on Harmonization 
Investigational Device Exemption 
Insulin-like Growth Factor-I 
Institutional Review Board 
Lingual 
Linear Bone Growth 
Lower Confidence Bound 

1 PA 1 Periapical 

The confidential information in this document is provided 10 you as a Principal Investigator or consultant for review by you, your staff, and the 
applicable Institutional Review Board/independent Ethics Committee. Your acceptance of this document consiitutes agreement that you will 

17 

not disclose the information contained herein to others without written authorization from the Sponsor, BioMimetic Pharmaceuticals, Inc. 



BioMimetic Pharmaceuticals PMA Clinical Study Report 
Protocol Number: BMPI-2001-01 March 8,2004 

PDL 
PDR 

1 Periodontal Ligament 
1 Pocket Depth Reduction 

:tor-BB 
RCT 
rhPDGF-BB 
SOPS 
W 
WH 

1 Randomized Clinical Trial 
Recombinant Human PlateIet Derived Growth Fat 
Standard Operation Procedures 
Width (of osseous defect at the widest point) 
Wound Healing 
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5. ETHICS 

5.1. Investigational Review Board/Ethics Committee 

The protocol and associated informed Consent Forms were reviewed and approved by the 
Investigational Review Board (XRB)/Ethics Committee (EC) for each study site prior to 
study initiation. Prior to initiating subject enrollment, one protocol amendment was issued 
by the sponsor on March 13,2002. The changes to the protocol were approved by each lRB 
prior to study initiation. Copies of the letters signed by the Chairman of the IRB to the 
Principal investigator indicating IRB approval of the protocol, protocol amendment, consent 
form, and advertisements soliciting subjects were maintained in the study file for each 
clinical site. 

5.2. Ethical Conduct of the Study 

This study was conducted in accordance with 21 CFR Part 812, International Conference on 
Harmonisation; Good Clinical Practice (1997), the ethical principles originating from the 
Declaration of Helsinki and in compliance with local regulatory requirements. 

5.3. Subject Information and Consent 

A copy of the informed consent document was submitted by each investigator for lRB 
review and approval prior to the start of the study. A properly executed, written informed 
consent was obtained from each subject in compliance with 21 CFR Part 50 and ICH 
Guidelines prior to enrollment into the study. A copy of the signed and dated informed 
consent was provided to each subject by the investigator, and the original signed copy was 
maintained in each subject’s medical record. 
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6. INVESTIGATORS AND STUDY ADMINISTRATIVE STRUCTURE 

6.1. Principal Investigator(s) 

COUNTRY 
*: \_’ ,- 
USA William Giannobile, 

DDS, DMSc 1011 N. U&ersity Ave. 
Ann Arbor, MI 48109 
Wilshire Park Dental Thomas Han, DDS Private USA 

USA 

USA 

3700 Wilshire Blvd., Suite 780 
Los Angeles, CA 90010 
U. of Minnesota, School of Dent.; 
7-368 Moos Health Sciknce Tower 
5 15 Delaware Street 
Minneapolis, MN 55455 
10440 S. DeAnza Blvd., Suite D-l 
Cupertino, CA 95013 

4 West University Parkway, Suite 2 
Baltimore, MD 21218 

11525 SW Durham Rd., Suite D6 

James Hinrichs, 
DDS, MS 

Academic 

Private Richard Kao, DDS, 
PhD 

Kevin Murphy, 
DDS, MS 

USA Private 

Private USA Bradley McAllister, 
DDS, PhD 

06 
Tigard, OR 97224 

11200 E. Mississippi Ave. 
Aurora, CO 80012 

USA Pamela McClain, 
DDS 

Private 

Private USA 08 Michael McGuire, 
DDS 

Perio Health Professionals 
3400 S. Gessner, Ste 102 
Houston, TX 77663 
UTSCSA dental School James Mellonig, 

DDS, MS 
Academic USA 

USA 

USA 

Dept. of Periodontics MSC 7894 
7703 noyd Curl Drive 
San Antonio, TX 78229 
180 Cambridge Street Myron Nevins, DDS Private 

Academic 
Boston, MA 02114 
UNC School of Dentistry 
Dept.. of Periodontics 
Brauer Hall No. 136 CB No. 7450 
Chapel Hill, NC 27559 

David Paquette 
DMD, MPH, DMSc 

6.2. Study Medical and Dentat Monitors 

Robert Genco, DDS, PhD 
John McMurdo, MD (Safety Monitor) 
Charles Nuttal, MD (Safety Monitor) 
Samuel Lynch, DMD, DMSc (Blinded Gold Standard Examiner)) 

6.3. Blinded Radiographic Examiner 

Michael Reddy, DMD, DMSc 
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6.4. Clinical Research Monitors 

The contract research organization, Target Health Inc., was responsible for site monitoring 
in conformance with GCPs. 

6.5. Report Authors 

Jules Mitchel, PhD (Target Health Inc.) 
Daisy Sun, MS (Target Health Inc.) 

7. INTRODUCTLON 

This introduction follows the Report of Prior Investigations (Investigator Brochure) filed with the 
IRBs and regulatory bodies- It is reproduced here for completeness. 

Platelet-derived growth factor (PDGF) has been the most thoroughly studied growth factor in 
periodontics. Since PDGF was first discovered to promote regeneration of bone, cementum and 
periodontal ligament (PDL) in the late 1980s (Lynch et al_, 1989) nearly 100 studies have been 
published on its effects on PDL and alveolar bone cells and regeneration of the periodontium in 
animals and humans. These studies have clearly demonstrated the mechanism of action of 
PDGF, showing the presence of cell-surface receptors for PDGF on PDL and alveolar bone cells, 
and elucidated PDGF’s stimulatory effect on the proliferation and chemotaxis of these cells 
(Matsuda et al., 1992). Recombinant human platelet-derived growth factor (rhPDGF-BB) has 
been shown to promote the regeneration of periodontal tissue including bone, cementum and 
PDL in numerous animal studies (Lynch et al,, 1989, 1991, 1994 and 1999; Giannobile et al., 
1996; Park et al., 1995; Cho et al., 1995; Rutherford et aE., 1992). An initial human clinical trial 
demonstrated that application of 0.15 mg/mL of rhPDGF-BB and 0.15 mg/mL recombinant 
human insulin-like growth factor I (rh-IGF-I) resulted in a significant improvement in bone fill 
compared to conventional surgery plus a vehicle control (Howell et al., 1997). rhPDGF-BB 
(Becuplermin) has been clinically available for about five years under the trade name Regranex@ 
for the treatment (improved healing) of chronic neuropathid, diabetic cutaneous ulcers. 

@-TCP is a purified, multicrystalline, porous form of calcium phosphate with a Ca : PO,+ ratio 
similar to natural bone mineral. Extensive animal and human clinical studies over the past 25 
years have demonstrated biocompatibility of the p-TCP (Bhaskar et al., 1971; Levin et al. 1974; 
A and B, 1975; Nery et al., 1975; Cameron et al., 1977; McDavid et d., 1979). The @TCP 
physically fills bone defects, preventing the cohapse of soft tissue into the bone defect, and 
provides a matrix or scaffolding for new bone formation, subsequently undergoing remodeling 
and fir&y being replaced by host bone. This has been demonstrated in numerous animal and 
human clinical studies (Bhaskar et al., 1971; Nery et al,, 1975; Cameron et al., 1977; Nery, 1978; 
Ferraro, 1979; Strub and Gaberthal, 1979; Snyder et al,, 1984; Baldock et al., 1985; Stahl and 
Froum, 1987; Froum and Stahl, 1987; Saffar et al., 1990; Gatti et al,, 1990; Buser et al., 1998; 
Muschik, M. et al., 2001). 

The study device, GEM 21Sm physically fills bone defects by providing a biocompatible, 
osteoconductive scaffold for new bone formation and promoting cellular ingrowth into the 
osseous defect. GEM 21s is composed of two components: sterile beta tricalcium phosphate @- 
TCP) and becaplermin, which is a highly purified sterile rhPDGF-BB. Both components have 
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been previously approved by the FDA for human use. The GEM 21 S device is supplied in “kit” 
form - a package of /3-TCP and a separate syringe containing a solution of rhPDGF-BB. At the 

- time of surgery, the clinician fully saturates the p-TCP particles with the rhPDGF-BB solution. 
After mixing, the hydrated graft is then packed into the osseous defect and standard surgical 
techniques are employed to complete the procedure. 

7.1. Mode of Action 

GEM 21STM is a fully synthetic bone regeneration system composed of a purified 
recombinant growth factor and a synthetic calcium phosphate matrix. It is implanted into 
an osseous defect to physically fill the bone defect and provide a biocompatible, 
osteoconductive, three-dimensional, growth factor enhanced ma&ix to facilitate new bone 
formation. 

GEM 21SrM is replaced by the patient’s own bone during the healing process. 

GEM 21FM, supplied sterile, is composed of two individual components: 
. synthetic beta&calcium phosphate (BTCP) [Gas (PO,)], a highly porous bone 

void filler serving as the osteoconductive matrix; and 
I highly purified, recombinant human platele&-derived growth factor-BB (rhPDGF- 

BB) which serves to enhance the physical properties of O-TCP by promoting bone 
and ligament cell proliferation and ingrowth into the scaffold and 
revascularization (angiogenesis) of the wound site, thus providing an optimal 
bone healing environment. 

Pore diameters in the scaffold are specifically designed for bone ingrowth and range from 1 
to 500 pm. The particle size ranges from 0.25 to 1.0 mm. As the implant is replaced, bone 
and other resident connective tissues grow into the space previously occupied by the 
scaffold. Results from animal studies evaluating B-TCP have shown that 80% of IS-TCP 
scaffold is replaced within twelve weeks, although resorption may be slower in humans. 

rhPDGF-BB is a normal protein constituent of blood platelets. It is one on the main tissue 
growth factors in the body and is released specifically at sites of injury during blood 
clotting. Extensive in vitro and animal studies have demonstrated its potent mitogenic 
(proliferative) and chemotactic (directed cell migration) effects on bone and periodontal 
ligament derived cells. rhPDGF-BB has been shown to promote the regeneration of 
periodontal tissues including bone, cementum and periodontal ligament (PDL) in numerous 
anima1 studies as well as in published human clinical studies. 

7.2. Safety of Components and GEM 21s 

Both p-TCP and PDGF are individually marketed products in the US and EU. They share a 
long history of safe use as shown by the precIinica1, clinical and post-marketing data. There 
have been no instances of systemic toxicity associated with the use of either P-TCP or 
PDGF. GEM 21s was assessed using the IS0 10993 Biocompatibility Standard and the 
results showed GEM 21s to be biocompatible. An independent, board-certified toxicologist 
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has evaluated the data on the components and GEM 21 S testing and concluded that the 
device is safe for its intended use. 

8. STUDY OBJECTIVES 

The objectives of this study were to evaluate the safety and effectiveness of GEM 215 as a bone 
regeneration system for the management of intra-osseous periodontal defects. 

8.1. Study Hypothesis 

GEM 21STM promotes greater soft tissue and bone regeneration as measured by Clinical 
Attachment Level (CAL) and radiographic bone measurements than an osteoconductive 
scaffold alone (p-TCP) and historical controls. 

8.2. Study Rationale 

GEM 21Sm is composed of P-TCP ahd PDGF, both currently marketed materials; the 
former an FDA cleared bone augmentation device used in orthopedics and the latter, an 
FDA approved wound healing agent. PDGF has been shown to promote the regeneration of 
periodontal tissue including bone, cementum and PDL in numerous animal studies as well 
as in a published human clinical study. 

The concentration of PDGF in GEM 21s was selected based upon previous clinical and 
nonclinical studies. Data by Howell and co-workers demonstrated that 0.3 mg/ml of total 
growth factor protein (0.15 mg/mJ of PDGF plus 0.15 mg/ml of rhIGF-I) was effective in 
treating human periodontal defects. Two dog studies, (Genco and co-workers) showed that 
concentrations of 0.3 mg/ml to 0.5 mglml PDGF were effective in a dog periodontal defect 
model (Choet al, 1995; Park et al, 1995) In addition, it has recently been reported that in a 
clinical tria1 of 9 human subjects with intra-osseous or furcation periodontal lesions, bone 
allograft containing either 0.5 mg/ml or 1.0 mg/ml of PDGF was found to result in 
periodontal regeneration, including restoration of bone, cementum and periodontal ligament 
(Camelo, 2003; Nevins, 2003). 

The level of 0.3 mg/ml is equivalent to about two applications of Regranex* and the 1.0 
mg/ml level is equivalent to about five applications of Regranex@. Regranex* is FDA 
approved for at least 140 daily applications (21 mgs total dose) to surgically excised 
wounds that extend into the subcutaneous tissue or beyond in the lower extremities in 
patients with diabetes. Based on the above data, 0.3 mg/ml and 1.0 mg/ml of PDGF were 
selected as the levels of PDGF in GEM 21s to be evaluated by this clinical study. 

Finally, J3-TCP is a Class III medical device when used for periodontal applications. While 
it is cleared by the US FDA and in the EU for orthopedic applications as a bone void filler, 
it is not approved for use in periodontal applications in the US. As a result, all three 
treatment groups are considered experimental. 
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<. INVESTIGATIONAL PLAN 

9.1. Overall Study Design and Plan 

This was a double-blind, controlled, prospective, randomized and parallel designed, multi- 
center human clinical trial in subjects who required surgical intervention to treat a 
intraosseous periodontal defect adjacent to the natural dentition. The study was performed 
at 11 enrolling centers with a total of 180 randomized subjects who had advanced 
periodontal defects. The subjects were randomized into three treatment groups of 60 
subjects each. 

GROUP I: 
GROUP II: 
GROUP III: 

GEM 21S, with sodium acetate buffer containing 0.3 mg/mL rhPDGF-BB; 
GEM 21S, with sodium acetate buffer containing 1.0 mg/mL rhPDGF-BB; 
p-TCP with sodium acetate buffer alone (control). 

A maximum of 13 subject visits were possible. Visit 1 (Screening) and Visit 4 (Baseline) 
could occur on the same day if Pre-Treatment Procedures (Visits 2 and 3) were not 
necessary (i.e., full mouth scaling and root planing had been performed within six months 
and scaling and root planning of the test site had been performed within the last two 
months). Baseline examinations were performed after the pre-treatment was completed, if 
necessary, and no more than 14 days before surgical treatment (or at Visit 5, immediately 
prior to surgery). Eight follow-up visits (Visits 6 to 13) were scheduled during six months 
following implantation of the study device. 

The primary effectiveness outcome measurement was the change in clinical attachment 
level (CAL) between baseline and six (6) months post-surgery (Group I vs. Group III); 

The secondary effectiveness outcome measures consisted of the following: 

* improvement in linear bone growth (LBG) and % bone fill (%BF) from baseline to six 
(6) months post- surgery (Group I and Group II vs. Group BI). 

* CAL change between baseline and six months post-surgery (Group II vs, Group III); 
l probing pocket depth reduction (PDR) between baseline and six months post-surgery 

(Group I and Group II vs. Group III); 
* gingival recession (GR) between baseline and six months post-surgery (Group I and 

Group II vs. Group III); 
l wound healing (WH) of the surgical site during the first three weeks post-surgery 

(Group I and Group II vs. Group III); 
* area under the curve (AUC) for the change in CAL between baseline and three (3) and 

six (6) months (Group I and Group II vs. Group III); 

Comparisons to Historical Benchmarks of Effectiveness 
l the 95% lower confidence bound (LCB) for %BF at six (6) months post-surgery 

(Groups I, II, and III vs. demineralized freeze-dried bone allograft (DFDBA) as 
published in the literature (Parashis et al., 1998); 

l the 95% LCB for linear bone growth at six (6) months post-surgery (Groups I, II, and III 
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vs. demineralized freeze-dried bone allograft @FDBA) as published in the literature 
(Persson et al., 2000); and 

* the 95% LCB for the change in CAL between baseline and three (3) and six (6) months 
(Groups I, II and III vs. Emdogain@ - PMA P930021 1996). 

l the 95% LCB for the change in CAL between baseline and three (3) and six (6) months 
(Groups I, II and III vs. PepGen P-lSTM - PMA P990033 1999). 

In parallel with the effectiveness analysis using the radiographic assessments, the 
radiographs were analyzed by the investigator for potential adverse events such as 
ankylosis, root resorption or other abnormal changes in the bony architecture at the site. 

Safety was monitored throughout the trial by assessing the frequency and severity of 
adverse events. 

An interim analysis of the primary and secondary endpoints and safety was performed after 
90 subjects completed the 3-month visit. The integrity of the study blind was maintained 
for both sponsor and the investigators in performing the interim analysis. The purpose of 
the interim analysis was to check the validity of the study design assumptions, assess safety, 
and recompute the sample size. 

Following the completion of the GEM 21s clinical study, and at the suggestion of FDA, a 
comparison of the GEM 21s clinical results was made to the findings reported by the 
American Academy of Periodontology-sponsored “Workshop on Contemporary Science in 
Clinical Periodontics”. This Workshop reported on a meta-analysis of the Iiterature and 
was published in the December 2003 issue of the Annals of PeriodontoLogy. Finally, also at 
the suggestion of FDA, an analysis was performed to determine if an individual center or an 
individual patient could have contributed to the apparent slight decline in CAL Gain values 
for Group I from three (3) months to six (6) months. 

9.1.1. Study Duration 

The expected duration of subject participation from the initial screening visit to final 
follow-up visit was approximately one year. For individual subjects, the post-surgical 
duration of the study was six months following implantation of the study device. 

If full mouth scaling and root planing had been performed within six months and scaling 
and root planing of the test site had been performed within the last two months, screening 
and baseline visits could occur on the same day (14 days prior to surgery visit). The study 
timeline follows: 
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9S.2. Study Procedures 

A flow chart of the study is provided on page 6 of the Protocol (Appendix 161.1). A 
summary of that table follows: 

Subjects were assessed at the screening and baseline visits to determine and confirm 
eligibility. Before study treatment, each subject received full mouth scaling and root 
planing to control the disease process, to minimize baseline lesion variability, and to 
prepare the defect site for surgical treatment. 

9.1.2.3, Visit 1: Screening Evaluations 

At Visit 1, initial subject eligibility was confirmed to assure that the subject complied 
with the inclusion/exclusion criteria following signing of the IRB approved informed 
consent form. A periapical radiograph was taken, as necessary, to ensure that the 
potential test tooth met inclusion and exclusion criteria- In addition, a full set of 
radiographs was to be taken prior to or at baseline if there were none available within 12 
months of the baseline visit. 

Information collected included: 

l Written Informed Consent 
l Demographics (including smoking history) 
0 Medical history (including current medication and medical conditions) 
l Oral assessment (including identification of target bone defect) 

9.1.2.2. Visits 2 and 3 (Pre-treatment Procedure) 

All subjects received thorough scaling and root planing of all teeth using local 
anesthesia as necessary within six months of baseline. Scaling and root planing of the 
test site took place within 2 months before the baseline examination. The subjects 
received oral hygiene instructions including tooth brushing, flossing and use of other 
dental aids as necessary. Subjects were required to demonstrate good plaque control 
p&r to the surgical intervention. 
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9.1.2.3. Visit 4 (Baseline Examination) 

Visits 1 and 4 could occur on the same day if &e-Treatment Procedures (Visits 2 and 3) 
were not necessary (i.e., full mouth scaling and root planing had been performed within 
six months and scaling and root planing of the test site had been performed within the 
last two months). The baseline examination was performed after pre-treatment was 
completed, and no more than 14 days before surgical treatment (or at Visit 5, 
immediately prior to surgery). A summary of all procedures performed is listed below, 

Summary of Procedures/Measurements at Baseline: 

Subject eligibility criteria verification 
Detailed probing depth measurements of the study site including: 
CAL, clinical attachment level (CEJ or other fixed reference point to base of 
pocket at deepest location) 
PD, vertical probing pocket depth (gingival margin to base of pocket; had to be 
7 mm or greater) 
GR, gingival recession (CEJ to gingival margin) 
Intra- and inter-examiner calibration (two subjects prior to the first baseline 
measurement) 
Full mouth periodontal charting (if none available from last 6 months) 
PA radiograph of study site (if none available within 2 months of Treatment 
Visit 5; base of defect must have been at least 3 mm coronal to tooth root apex) 
Oral hygiene instruction 
Concbmitant medication review 

Prior to initiating the baseline measurements, intra- and inter-examiner calibrations 
were performed on two subjects at each center. These subjects were scheduled for the 
same time on the same day to ensure that both investigators and the “gold-standard” 
examiner were available to perform the calibration procedure. The purpose of the 
calibration procedure was to ensure reproducibility and consistency by each investigator 
(intra-examiner) and across all study centers (inter-examiner). A kappa analysis of the 
calibration measurements is included in Section 11.4.2.1_ 

9.1.2.4. Visit 5 (Periodontal Surgery and Device Placement) 

The area selected for surgery was anesthetized. FoIlowing inverse bevel incisions, 
buccal and lingual full-thickness (mucoperiosteal) flaps were raised extending at least 
one to three teeth mesial and distal to the treated tooth. In case of a missing proximal 
tooth, the flap was extended at least 5-10 mm proximal to assure adequate visualization 
of the defect and allow easy management and placement of the test material. Care was 
taken to preserve, as much as possible, the keratinized gingival connective tissue in the 
flap. A horizontal and/or v&Cal releasing incision could be performed in order to 
facilitate coronal displacement of the flap. 

Following the reflection of the mucoperiosteal flap, all granulation tissue associated 
with the osseous defect was removed. Meticulous root planing was performed to 

The confidential information in this document is provided to you as a Principal Investigator or consukant for review by you, your staff, and the 27 



BioMimetic Pharmaceuticals PMA Clinical Study Report 
Protocol Number: BMPI-2001-01 March 8,2004 

remove subgingival soft and hard deposits on the root surfaces. Magnification aids and 
fiber optic lights for additional illumination were utilized. Additionally, both hand and 
ultrasonic instruments were used to assure thorough degranulation and root planing. 

The area was then rinsed with sterile saline. Examination of the defect and adjacent 
root surfaces were performed to detect pathological conditions such as root fracture, 
severe root irregularities, cemental pearls or cemental enamel projections not easily 
removed by odontoplasty, root caries or subgingival and/or open restoration margins at 
the CEJ. These abnormalities had to be successfully treated prior to proceeding or the 
subject was excluded from the study. 

Direct measurements of the in&a-bony defect were performed, after thorough 
debridement, using a calibrated probe scoring the following dimensions: 

l BD, alveolar crest to base of defect depth at its deepest location (must have been 
4mm or greater); 

0 W, the width of the defect from the root surface to the farthest bone wall; and 
0 The number of bone walls present (i.e., l-3). 

Final eligibility of the target tooth was determined on the basis of the acceptable depth 
of the defect. At that point, a subject randomization number was assigned. 

The roots were then conditioned for four minutes by the addition of a tetracycbne paste 
prepared by mixing the contents of one tetracycline HCl250 mg capsule into a small 
amount of saline or sterile water. The tetracycline paste was carefully applied to the 
tooth root surfaces with a small brush or other instrument avoiding excessive running of 
the paste onto the bone surfaces. After about four minutes, the paste was removed using 
thorough irrigation and suction- 

9.1.2.4.1 Implantation 

Following the above procedures, the appropriate blinded study kit was selected 
according to the corresponding subject randomization number. The blinded test 
solution was mixed with the p-TCP bone matrix in a sterile dappen dish or surgical 
stainless steel bowl, such that the graft particles were fully saturated. During this time, 
the conditioned root surfaces were thoroughly rinsed and air-dried. The hydrated graft 
was then packed into the osseous defect. The tissue flaps were coronally displaced 
and secured with interdental sutures (Gore-TexB suture CV-5) to achieve complete 
coverage of the surgical site. No surgical dressing was placed. Specific information 
related to the surgery, i-e. subject identification number and approximate amount of 
product placed in the bone defect was recorded. 

9.1.2.4.2 Photography 

Four clinical photographs of the study site were taken at the following timepoints: 

l Before surgery; 
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0 After flap reflection, debridement and root planing with a probe in place 
vertically to the base of the defect; 

0 After the defect was grafted; and 
0 After soft tissue closure 

9.1.2.4.3 Post-Surgical Care 

Subjects were instructed not to brush or floss the surgical site until the sutures were 
removed. Sutures were to be removed at 10 to 21 days or when the clinician judged 
that the flap had become stabilized by healing. The date of suture removal was 
documented on the appropriate Case Report Form. Subjects were instructed to rinse 
with chlorhexidine mouthrinse (0.12%) twice daily for 6 weeks, and to eat soft foods 
and chew on the side of the mouth opposite the surgical site until instructed otherwise 
by the investigator. 

Amoxicillin 500 mg t.i.d. (or another appropriate antibiotic regimen) was prescribed 
for a minimum of 10 days. Records of analgesics prescribed and the number of pills 
taken by the subject were maintained, as well as a subjective evaluation of the relative 
discomfort of the operative area. Adverse events were recorded throughout the study. 

9.x.2.4.4 Management of Past-Surgical Oral Pain 

Post-surgical pain was characterized as mild, moderate, or severe and required a 
subjective assessment by the periodontist based on knowledge of the surgical 
procedure performed and the presenting signs and symptoms of the subject. The 
following guidelines were provided for pain management and assessment of pain- 
related adverse events. 

Mild (Over-The-Counter) 
. Acetaminophen 250 or 500 mg 

Products include: Tylenol@, DatrilB and Anacin83 
Moderate (Prescription Only) 

m Tylenol@ No. 3 (codeine and acetaminophen) 
0 VicodinB (hydrocodone 5 mg and acetaminophen 500 mg) 
* Vicodin ES8 fhydrocodone 7.5 mg and acetaminophen 750 mg) 
0 LortabB (hydrocodone 5 mg, 7.5 mg, 10 mg and acetaminophen 500 mg) 

Severe (Prescription Only) 
0 DemerolB 50 mg (Meperidine) 
* PercocetB or TyloxB (oxycodone 5 mg and acetaminophen 500 mg) 

The number of pills and type of pain medications taken by the subject were closely 
monitored and recorded starting from the time informed consent was signed. 

9.1.3. l?ollow-up Evaluations 

Subjects were-seen for evaluations during the first month post-surgery between Days 3-5, 
6-9, 12-15 and 19-24 (Visits 6-9). Subsequent follow-up visits (Visits 10-13) occurred at 
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6,12, 18, and 24 weeks (& 7 days) after surgery. 

9.1.3.1. Visits 6-9: 

During the first four follow-up visits, the healing condition of the soft tissues in the 
surgical site was examined by visual inspection and gentle palpation. A secondary 
endpoint, wound healing (WH) score, was recorded to reflect the extent of healing at the 
surgical site (Protocol 3-f). A summary of all performed procedures is listed below. 

WH score 
Photograph of study site 
Record of date of suture removal 
Supragingival cleansing of surgical site 
Number of days of work missed, if applicable 
Oral hygiene instruction, as necessary 
Concomitant medication review 
Adverse event review, including subjective pain assessment 

9.1.3.2. Visits 10, 11, and 12: 

At each of the 6, 12, and 18 week follow-up visits (Visits 10, 11, and 12, respectively), 
oral hygiene instructions were provided, as necessary- Subgingival scahng of the test 
site was not to be performed for the duration of the study. Probing of the target tooth 
was deferred until 12 weeks after treatment. A summary of all performed procedures is 
listed below. 

l Detailed probing depth measurements of the study site (Visit 11 only) including: 
p CAL, clinical attachment level (CEJ or other fixed reference point to base 

of pocket at deepest location) 
> PD, vertical probing pocket depth (gingival margin to base of pocket) 
> GR, gingivaJ recession (CEJ to gingival margin) 

* Photograph of study-site 
0 Routine supragingival prophylaxis (Visit 11 only) 
0 PA Radiograph of study site (Visit 11 only) 
l Oral hygiene instruction 
* Concomitant medication review 
* Adverse event review 

9.1.3.3. Visit 13: 

At the 24-week examination, the endpoint measurements were obtained after 
photographs were taken. In addition, intra- and inter-examiner recalibration was 
performed at one of the six-month follow-up visits. Provisions were made to ensure 
that both investigators and the “gold-standard” examiner were availabIe to perform the 
recalibration procedure at each center. A summary of all performed procedures is listed 
below. 
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Detailed probing measurements of the study site including: 

l CAL, clinical attachment level of study site 
0 PD, vertical probing pocket depth of study site 
e GR, gingival recession of study site 
l Intra- and inter-examiner recalibration 
e PA radiograph of study site 
l Photograph of study site 
l Routine supragingivaf prophylaxis 
* Oral hygiene instruction (as necessary) 
e Concomitant medication review 
e Adverse event review 

9.2. Selection of Study Population 

Subjects for this study were recruited from existing subject databases at each clinical center 
as well as from referrals, and by screenings of volunteers responding to advertisements, if 
applicable. 

The study population was 25-75 years of age with advanced periodontal disease in at least 
one site requiring surgical treatment to correct a bone defect meeting the inclusion and 
exclusion criteria. 

9.2.1. Inclusion Criteria 

To be included in the study, subjects had to be: 

1. Male or female, between 25 - 75 years of age; 
2. No evidence of Localized Aggressive Periodontitis; 
3. Willing and able to provide informed consent and be available for multiple follow-up 

visits for the duration of the study 
4. The study site had to exhibit the following: 

. * A probing pocket depth measuring 7 mm or greater at the baseline visit; 
. After surgical debridement, 4 mm or greater vertical bone defect (BD) with at 

least 1 bony wall; 
e Sufficient keratinized tissue to allow complete tissue coverage of the defect; and 
* Radiographic base~of defect at least 3 mm coronal to the apex of the tooth. 

9.2.2. Exclusion Criteria 

Any of the following were cause for exclusion from the study: 

1. Failure to maintain adequate oral hygiene during the lead-in phase; 
2. Pregnant women or women intending to become pregnant during this study period. 

A pregnancy test administered to any female unless she was post-menopausal, had 
been sterilized, or was practicing a medically-accepted method of contraception; 

3. History of oral cancer or HIV within the last 6 months; 
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4. History of previous periodontal surgery on the study tooth within the last year; 
5. Study tooth exhibiting mobility of greater than Grade 11; 
6. Study tooth exhibiting a Class III furcation defect; 
7. Clinical or radiographic signs of untreated acute infection at the surgical site, apical 

pathology, root fracture, severe root irregularities, cemental pearls, cemento-enamel 
projections not easiIy removed by odontoplasty, untreated carious lesions at the 
cemento-enamel junction (“CEJ”) or on the root surface, subgingival restorations 
and/or restorations with open margins at or below the CEJ; 

8, History of weekly or more frequent use of smokeless chewing tobacco, pipe or cigar 
smoking, or smoking more than 20 cigarettes/day within the last 6 months; 

9. Allergy to yeast-derived products; or 
10. Subjects using an investigational therapy or approved therapy for investigational use 

within 30 days of surgery. 

Note: Careful consideration was to be given to alternative therapies prior to performing 
bone grafting in subjects who had severe endocrine-induced bone diseases (e.g. 
hyperparathyroidism), or subjects who were taking steroids or other drugs, which 
interfere with calcium metabolism. 

9.2.3. Removal of Subjects from Therapy or Assessment 

Subjects were to be discontinued from the study prematurely if: 

* The subject required a disallowed treatment; 
l The subject was non-compliant with the study protocol; 
l An adverse event occurred, whether or not Study Device related, which 

precluded continued treatment; 
* The subject requested to be withdrawn from the study; or 
l The Principal Investigator decided that it is in the subject’s best interest to 

continue participation in the study. 

If a subject was withdrawn from the study at any time either at his/her request or at the 
Principal Investigator’s discretion, the reason(s) for withdrawal were recorded by the 
Principal Investigator on the relevant section of. the Case Report Form (CRF). All final 
visit tasks were completed for all subjects who were withdrawn from the study. Subjects 
withdrawn due to adverse events were monitored until resolution of the adverse event. 

9.3. Treatments 

9.3.1. Treatments Administered 

The test products (GEM 21s 0.3 mgfmL and GEM 21s 1.0 mg/mL) as well as the control 
@-TCP saturated with buffer) were supplied in “kit” form. All kits contained the sterile 
P-TCP bone substitute (Table 1). Each kit also had two syringes containing a solution. 
This solution was sterile sodium acetate buffer containing 0.3 mg/mL rhPDGF-BB, 
sodium acetate buffer containing 1.0 mg/mL rhPDGF-BB, or sterile sodium acetate buffer 
alone. The syringes were blinded so that all study personnel and study subjects were 
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Table 1. Study Treatment Groups 

GROUP I GEM 21s Sodium acetate buffer containing 0.3 mg/mL rhPDGF-BB 
GROUP II GEM 21s Sodium acetate buffer containing 1.0 mg/mL rhPDGF-BB 
GROUP III f3-TCP Sodium acetate buffer alone (control) 

All these treatment groups were considered experimental, as none are approved for used 
in periodontal applications- 

9.32. Identity of Investigational Products 

Sterile fi-TCP was provided in granular form and stored in glass vials (0.25 g). The test 
solution, approximately 0.25 ml sodium acetate buffer (alone, containing 0.3 mg/mL 
rhPDGF-BB or I.0 mg/mL rhPDGF-BB) was provided in syringes. GEM 21s kits were 
stored at 2-8” C (36-46” I?‘) and were not to be frozen. 

All products were manufactured for: 

BioMimetic Pharmaceuticals, Inc. 
330 Mallory Station, Suite A-l 
Franklin, TN 37067 

* 0.3 mg/mL rhPDGF-BB: Lot Number: 1434-19 
* 1.0 mg/mL rhPDGF-BB: Lot Number: 1434-18 
l Sodium acetate buffer: Lot Number: 1434-17 
l P-TCP: Lot Number: C2692 

9.3.3. Method of Assigning Subjects to Treatment Group 

Subjects were divided into three treatment groups of approximately 60 subjects each. 
Each of the 11 centers was to treat approximately 15 subjects. Within each center, the 
subjects were randomly assigned to one of the three treatment groups. 

In order to facilitate balance within each center, randomization was performed using a 
variable block size scheme. The variable block sizes consisted of either 3 or 6 subjects to 
promote balance across treatments within each center. 

9.3.4. Selection of PDGF Doses 

The concentration of PDGF in GEM 21s was selected based upon previous clinical and 
nonclinica1 studies- Data by Howell and co-workers demonstrated that 0.3 mglml of total 
growth factor protein (0.15 mg/ml of PDGF plus 0.15 mg/ml of rhIGF-I) was effective in 
treating human periodontal defects. Two dog studies, (Genco and co-workers) showed 
that concentrations of 0.3 mg/ml to 0.5 mg/ml PDGF were effective in a dog periodontal 
defect model (Cho et aI, 1995; Park et al, 1995). In addition, it has recently been reported 
that in a clinical trial of 9 human subjects with intra-osseous or furcation periodontal 
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lesions, bone allograft containing either 0.5 mg/ml or 1.0 mg/ml of PDGF was found to 
result in periodontal regeneration, including restoration of bone, cementum and 
periodontal Iigament (Camelo, 2003; Nevins, 2003). 

The level of 0.3 mg/mI is equivalent to about two applications of Regranex@ and the 1.0 
mg/ml level is equivalent to about five applications of Regranex@. Regranex@ is FDA 
approved for at least 140 daily applications (20 weeks) to surgically excised wounds that 
extend into the subcutaneous tissue or beyond in the lower extremities of diabetics. 
Based on the above data, 0.3 mg/ml and 1 .O mg/ml of PDGF were selected as the levels 
of PDGF in GEM 21s to be evaluated by this clinical study. 

9.35 Blinding 

The study sites, subjects and monitors were blinded to treatment. 

The blinding could be broken at the investigational sites in emergency situations only. In 
such an emergency, the Investigator was to break the bhnd for only the subject involved. 
The Investigator was to notify the Sponsor immediately in case of unblinding. The 
radiographs were read and analyzed at a separate site, and ‘were coded so that the 
treatment group could not be identified. 

The integrity of the bhnd was maintained throughout the investigation; no subjects, 
investigators, or examiners were unblinded during the study. 

9.3.6. Treatment Compliance 

The Principal Investigator was responsible for maintaining accurate records of the receipt 
and dispensing of all investigational materials, including dates and number of study kits 
received, to whom dispensed (subject-by-subject accounting), and accounts of any kits 
accidentally or deliberately destroyed. These records were readily available for inspection 
by the monitor or BioMimetic Pharmaceuticals, Inc. and were open to FDA or any other 
regulatory authority inspection at any time. The investigator only treated subjects 
enrolled in the study with investigational devices. Unless otherwise specified, all used 
and unused device supplies had to be saved for accountability purposes and returned once 
all study materials had been verified by the study monitor. A copy of the investigational 

, device return form was forwarded to sponsor or designee with the returned study 
materials. 

9.4. Effectiveness and Safety Variables 

9.4.1, Effectiveness Measurements 

9.4.1.1. Primary Endpoint 

The primary effectiveness endpoint for the study was change in CAL between baseline 
and six (6) months post-surgery. The protocol defined CAL as “the distance from the 
cemento-enamel junction (CEJ) or,other fixed reference point, generally along the long 
axis of the tooth to the deepest extent’of the periodontal pocket”. The mean change in 
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CAL for each group was compared to a historically established level of clinical efficacy 
for bone grafts in periodontal defects of I .5-mm change in CAL using a one-sampIe t- 
test. This comparison was to ensure that the effects detected in this trial were clinically 
meaningful. If the results were significant, a one sided t-test was used to compare 
Group I vs. Group ItI. 

9.4.1.2. Secondary Endpoints 

The secondary endpoints included: 

a. Linear Bone Growth (LBG) and % Bone Fill (%BF) from baseline to six (6) 
months post-surgery (Group I and Group Ii vs. Group III). 

LBG was defined as the improvement in bone height measured radiographically 
using the following formula: 

CEJ to Base of Defect at baseline (BL) - CEJ to Base of Defect at 6 months 

%BF was defined as the percent of the original osseous defect filled with new 
bone as measured radiographically using the following formula: 

CE.J to Base of Defect at BL - CEJ to Base of Defect at 6 mo. 
CEJ to Base of Defect at BL - CEJ to Crest of Bone at BL 

b. CAL change between baseline and six months post-surgery (Group II vs. Group 
w- 

c. PDR (pocket depth reduction) change between baseline and six months (Groups I 
and II vs. Group III). PD was the distance from the gingival margin generally 
along the long axis of the tooth to the deepest extent of the periodontal pocket. 

d. GR (gingival recession) change between baseline and six months (Groups I and II 
vs. Group III). GR is the difference between the distance from the free gingival 
margin (FGM) to the CEJ. The distance was recorded to the nearest millimeter. 

e. Wound healing (WH) during the first three weeks post-surgery (Groups I and II 
vs. Group IQ. A wound-healing scale modified from the index described by 
Lobene et al. (1986) was used to assess wound healing during the first three 
weeks post-surgery. This scale is shown beIow: 
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o= Absence of inflammation, normal healthy appearance to the tissues superficial to 
the graft, closed surgical wound 

l= Mild inflammation, slight marginal change in color (e.g. redness), little change in 
texture of any portion of the marginal or papillary gingival unit superficial to the 
graft, closed surgical wound 

2= Mild inflammation; criteria as above but involving the entire marginal or papillary 
gingival unit, closed surgical wound 

3= Moderate inflammation; glazing, redness, edema, and/or hypertrophy of the 
marginal or papillary unit, bleeding upon gentle palpation, gingival wound open < 
2mm 

4= Severe inflammation; marked redness, edema, an&or hypertrophy of the marginal 
or papillary gingival unit, spontaneous bleeding, congestion, gingival wound open 
>2mm 

f. The Area Under the Cm-v& (AUC) for the change in CAL between baseline and 
six (6) months (Groups I and II vs. Group III). The AUC represents the 
cumulative benefit over time for gain in CAL. 

Comparisons to Historical Benchmarks of Effectiveness 

g. The 95% Lower Confidence Bound (LCB) for %BF at six (6) months post-surgery 
for Group I. A 95% lower bound in excess of 15% was considered to substantiate 
effectiveness. [Rationale: 15.3% + 13.6% represented the DFDBA group mean 
change in radiographic bone fill as reported by Parashis et. al. J 

h. The 95% LCB for linear bone growth (LBG) at six (6) months post-surgery for 
Group I. A 95% lower bound in excess of 0.5 mm was considered to substantiate 
effectiveness. [Rationale: 0.5 + 0.9 mm represents the DFDBA group mean for 
radiographic LBG as reported by Persson et al.] 

i. The 95% LCB for the change in CAL between baseline and three (3) and six (6) 
months for Groups I and II. A 95% lower bound in excess of 2.7 mm was 
considered to substantiate effectiveness. [Rationale: 2.7 mm represented the 
Emdogain@ control group mean change in CAL between baseline and six (6) 
months as reported in PMA P930021; approved May 7, 1996; letter dated Sep. 30, 
19961. 

j. The 95% LCB was computed for the change in CAL between baseline and three 
(3) and six (6) months for Groups I, Il, and III. A 95% lower bound in excess of 
l_ 1 mm was considered to substantiate effectiveness. [Rationale: 1.1 mm 
represented the PepGen P-15 treatment group mean change in CAL between 
baseline and six (6) months as reported in PMA P990033; approved October 25, 
1999. (Post-hoc) 

A composite analysis was performed to assess the cumulative beneficial effect on the 
clinical and radiographic outcomes and determine the percent of patients with a 
successful outcome as defined by CAL 2 2.7nu-n and_LBG 2 1.lm.m at six (6) months. . 
A similar analytical approach was used to assess %BF using a benchmark of 14.1% (the 
mean %BF as reported in the FDA approval of Emdogain, referenced above). 
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At the suggestion of FIIA, and following completion of the clinical study, two 
additional analyses were performed. The first was a comparison of the GEM 21s 
clinical study results to the fIndings reported by the American Academy of Periodontology- 
sponsored “Workshop on Contemporary Science in Clinical Periodontics”. This Workshop 
reported on a meta-analysis of the literature and was published in the December, 2003 issue of 
the Annals of Periodontology. The second analysis was an assessment of site and/or patient 
outcome effects on the CAL gain results. This FDA request was based on the 
observation that from the 12 week time point to the 24 week assessment, there appeared 
to be a slight (not statistically significant) decline in CAL gain for Group I from 3.8 mm 
to 3.7 mm. 

9.4.2. Safety Measurements 

Safety was monitored throughout the triai by assessing the frequency and severity of 
adverse events, COSTART dictionary was used for adverse event (AE) coding. PA 
radiographs were obtained at baseline, three and six months post treatment. These 
radiographs were analyzed by the investigator for potential adverse events such as 
ankylosis, root resorption or other abnormal changes in the bony architecture at the site. 

The contract research organization (CRO), Target Health, Inc. provided an independent 
and separate medical monitor for this study. 

9.4.2.L Adverse Events 

Adverse events (AE) included any unfavorable and unintended sign (including any 
abnormal radiograph), symptom, or disease temporally associated with the use of an 
investigational product, whether or not related to the investigational product. 

AEs were recorded in standard medical terminology. Additionally, each Principal 
Investigator evaluated all AEs as follows: 

Action taken: whether or not the adverse event caused the subject to discontinue the 
test material. 

Severity assessed as follows: 

Mild: Symptom(s) barely noticeable to subject or does not make subject uncomfortable; 
does not influence performance or functioning; prescription drug not ordinarily 
needed for relief of symptom(s) but may be given because of personality of 
subject. 

Moderate: Symptom(s) of a sufficient severity to make subject uncomfortable; performance 
of daily activity is influenced; subject is able to continue in study; treatment for 
symptom(s) may be needed. 

Severe: Cause severe discomfort; symptoms cause incapacitation or significant impact on 
subject’s daily life; severity may cause cessation of treatment with study device; 
treatment for symptom(s) may be given and/or subject hospitalized. 
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Not related: 

Unlikely: 

Likely: 

Definite: 

Any reaction that does not follow a reasonable temporal sequence from 
administration of the study device AND that is likely to have been produced by 
the subject’s cIinica1 state or other modes of therapy administered to the subject. 
Any reaction that does not follow a reasonable temporal sequence from 
administration of the study device or that is likely to have been produced by the 
subjectis clinical state or other modes of therapy administered to the subject. 
A reaction that follows a reasonable temporal sequence from administration of 
the study device OR that follows a known response pattern to the suspected 
device AND that could not be reasonably explained by the known characteristics 
of the subject’s clinical state or other modes of therapy administered to the 
subject. 
A reaction that follows a reasonable temporal sequence from administration of 
the study device AND that follows a known response pattern to the suspected 
device AND that recurs with rechallenge, and/or is improved by removing the 
device. 

9.4.2.2. Documentation of Adverse Events 

Any adverse event (clinical sign, symptom, or disease) temporally associated with the 
use of this investigational product, whether or not considered related to the 
investigational product, was documented in the AE CRF. All AEs reported by the 
subject or observed by the Principal Investigator were individually listed. The 
description of the event (confirmed diagnosis, if available), date of onset, date of 
resolution, action taken with study device (device removed), severity and relationship to 
study device, and follow-up procedures were reported. 

For any SAE, the Principal Investigator was instructed to notify the Sponsor or its 
Representative within 24 hours of occurrence. Any unanticipated serious adverse event 
was to be reported to the Food and Drug Administration (FDA) by BioMimetic 
Pharmaceuticals, Inc. within 10 working days after the sponsor receives notice of the 
effect. 

9.4.2.3. Serious Adverse Events 

Events are classified as serious if they’meet any of the following criteria in accordance 
with 21 CFR 812.3(s) and the recommendations of International Conference on 
Harmonization (Federal Register, October 7, 1997, Vol. 62, No, 194, pp 52239-45): 

l Any death. 
l Any life-threatening event, i.e., an event that places the subject, in the view of 

the investigator at immediate risk of death from the event as it occurred (does 
not include an event that, had it occurred in a more severe form, might have 
caused death). 

l Any event that requires or prolongs in-subject hospitalization, 
l Any event that results in persistent or significant disability/incapacity. 
l Any congenital anomaly/birth defect diagnosed in a child of a subject who 
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participated in this study following the study procedure. 
l Other medically important events that in the opinion of the investigator may 

jeopardize the subject or may require intervention to prevent one of the other 
outcomes listed in the definition above. 

l Any serious problem associated with the device that relates to the rights, safety 
or welfare of study subjects. 

The Principal Investigator was instructed to make an accurate and adequate special 
report of any unanticipated serious adverse event to BioMimetic Pharmaceuticals, Inc. 
or its designee, and to any Institutional Review Board (IRB) or Ethics Committee (EC) 
that had reviewed and was continuing to review the study. The medical monitor 
conducted a safety evaluation for each reported serious adverse event. 

9.4.3. Prior and Concomitant Therapy 

9.4.3.1. Current Medications 

Every attempt was made to keep the subject on stable doses of current prescription 
medication within 14 days of the periodontal surgery. All medications were 
documented in the Concomitant Medication section of the CRF. 

9.43.2. Concomitant Medications 

Concomitant medications included any medication used by the subject during the study 
(e.g., aspirin, Tylenol, vitamins, dietary supplements, etc.) and were recorded on the 
Concomitant Medications Form of the Case Report Form. Any change in medication 
was also to be noted on the Concomitant Medication Form. 

9.4.4. Appropriateness of Measurements 

The primary and secondary endpoints and the measurements used to grade outcome are 
established in the specialty of Periodontology. 

9.45 Drug Concentration Measurements 

Not applicable. 

95. Data Quality Assurance 

9.5.1. Clinical Data 

An Internet-Based Remote Data Entry System w+.usedto collect clinical trial data at the 
investigational sites. The system used for this study was Target e*CR.FrM (Target Health 
Inc., New York, NY, USA). The system co&plied with 21 CFR Part 11 and was used to 
enter, modify, maintain, archive, retrieve, and transmit data. The system was designed 
based on data requirements from the Sponsor. The design of the computerized system 
complied with all applicable regulatory requirements for record keeping and record 
retention in clinical trials (21 CFR Part 11) to the same degree of confidence as would be 
provided with paper systems. 
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The study was conducted in accordance with applicable Good Clinical Practice (GCP) 
standards in that all collected data were supported by complete and thorough source 
documentation as verified by the study monitors. All data (100%) were monitored 
against source documentation- 

At periodic, pre-scheduled visits, an authorized representative of Target Health Inc. 
inspected all completed CRFs and corresponding portions of the subject’s medical 
records relevant to the study. At the site, the monitor had access to subject medical 
records and other study-related records needed to verify the entries on the CRFs. 
Additionally, study data were monitored using the management module of Target 
e*CW”, which included edit check and query systems to verify and correct implausible 
data. All modifications to the data in the CRP were tracked by an electronic audit trail 
(date and identity of the person making the change were recorded). 

These electronic CRFs were reviewed and verified for accuracy by the Principal 
Investigator and signed-off (via electronic signature). An electronic copy of the final 
CRP was provided to the investigational site at the completion of the study. 

It was the investigator’s responsibility to ensure that all data were entered promptly, 
legibly, completely, and in accordance with the instructions given on the CRF for each 
subject. The Principal Investigator was responsible for ensuring that the rights of subjects 
were protected and the trial compliance with FDA and or the applicable regulations. AI1 
data recorded during the study were available for audit against source documents and for 
compliance with GCP and specific protocol requirements, 

9.5.2. Radiographic Data 

As required by the approved study protocol, periapical radiographs were to be taken at 
baseline (unless an adequate baseline film was already available), 3-months, and 6- 
months post-surgery and were to be assessed for any abnormalities in bone architecture, 
such as root resorption or ankylosis. In order to obtain additional information on product 
safety and effectiveness, a blinded controlled radiographic analysis of these PA 
radiographs was performed under the direction of Dr. Michael Reddy at University of 
Alabama at Birmingham (UAB). The analysis was in conformance with GCPs under a 
separate IRB reviewed protocol. The study involved qualification, validation, and quality 
assurance to ensure the integrity of the data and the validity of the conclusions drawn 
from the results. The radiographs were coded to ensure the study bhnd was maintained. 

952.1. Qualification 

Prior to initiation of the radiographic analysis, a qualification study was performed on 
approximately 25 sets of radiographs, including baseline, three, and six month films. 
The purpose of this qualification study was to determine if the radiographs were of 
sufficient quality to provide meaningful data for the selected parameters and to 
determine at which timepoint the films (baseline, 3 month, or 6 month) provided the 
most meaningful results for determining bone growth or loss, radiographically. The 
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results of the qualification study indicated that the radiographs were of sufficient quality 
to analyze LBC and %BF using the baseline and six (6) month radiographic films. 

952.2. Validation 

An intra-examiner validation procedure was conducted to ensure the reproducibility and 
accuracy of the data. Overall percentage of variability of measurements needed to be 
within an acceptable range (40% variability) for the data to be considered vaIid, The 
validation procedure demonstrated acceptable reproducibility (~3%) of the radiographic 
measurement method. 

952.3. Quality Assurance 

An. inter-examiner quality assurance procedure was conducted using a blinded 
periodontist to independently evaluate the radiographs and identify potential 
discrepancies of > 20% in bone fill for reassessment by the radiographic technician. 
The cases involving potential discrepancies were queried by the periodontist conducting 
the review and were reassessed and verified or corrected by the radiographic technician 
and the study director. Corrections and revisions were documented in conformance 
with GCPs. 

9.5.3. Investigator Training 

One to two periodontists from each center were trained to perform both the surgeries and 
examinations (measurements). When two periodontists were trained at a center, one 
periodontist was designated as the primary clinician and performed most of the 
procedures. The other periodontist performed the procedures when the primary clinician 
was not available; the same investigator was strongly encouraged to take the baseline and 
six-month follow-up effectiveness assessments on the same subjects. Both of these 
periodontists were considered investigators. Ali investigators had to have ample 
experience in periodontal regenerative procedures and received training on the specific 
surgical and measurement techniques to be employed in this study. Whenever possible, 
the same periodontist performed all measurements on a particular subject, i.e. baseline, 
follow-up, and fina evaluation measurements, exclusive of clinical photographs. 

All investigators were standardized as to surgical technique, end point of root 
debridement, measurement techniques, handling and placement of test materials and 
suturing technique. To ensure standardization of the surgical procedures, training was 
conducted to thoroughly review, all aspects of the pre-surgical, surgica1 and post-surgical 
phases of the trial. 

In order to reduce the possibility of excess variability being introduced into the analyses 
due to difference across sites, all investigators were trained before they could participate 
in the study. The investigators were trained during the investigators’ meeting by means of 
a detailed description of all study procedures including the methods of obtaining study 
endpoints (measurements). In addition, each investigator &as calibrated so that the 
difference was 1 m m  or Eess between his or her measurements (intra-examiner) and 
between his or her measurement and a “gold standard” examiner’s measurement (inter- 
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examiner). Each investigator measured the CAL on two subjects, three times each during 
each calibration session. These measurements were recorded on a case report form and 
analyzed to ensure each investigator’s accuracy was 1 mm or less. Investigator 
recalibration was performed at one of the initial six-month follow-up visits at the 
investigator’s center to ensure that his or her accuracy in measuring CALs remains within 
that limit. Any investigator who had greater than 1.0 mm intra- or inter-examiner 
variability underwent retraining, as necessary. This training and testing program 
facilitated intra-examiner and inter-examiner reproducibility in order to optimize the 
poolability of the data (Data Listing 12.1, Appendix 16.2). All investigators were 
successfully calibrated prior to enrollment and during the follow-up period, ensuring the 
consistency and accuracy of the probing measurement technique. 

9.54. Quality Control 

Orientation session(s) were conducted for all study monitors during which the protocol, 
study forms, product instructions for use, and other study specific requirements were 
thoroughly reviewed. Standardized electronic case report forms were used as well as a 
standardized data management system. Monitors reviewed data to ensure accuracy and 
consistency at all sites. Blinded data were sent to a third party not associated with the 
sponsor for statistical analysis and assistance in preparation of the final study report. 
Good clinical practice guidelines (GCPs) were followed. 

9.6. Statistical Methods Planned in the Protocol and Determination of Sample 
Size 

9.6.1. Statistical Analyses 

9.6.1.1. Primary Effectiveness Analysis 

The primary effectiveness analysis was the change in CAL between baseline and six (6) 
months post-surgery. The first step was to determine whether the change in CAL for 
each group demonstrated clinical effectiveness at six months post-surgery. To do this, 
the mean change for each group was compared to a historically established level of 
clinical effectiveness for bone grafts in periodontal defects of 1 S-mm change in CAL 
using a one-sample t-test. This comparison ensured that the effects detected in this trial 
were clinic&y meaningful. If this first step comparison was found to be significant for 
Group I(O.3 mgknl PDGF), the analysis then consisted of comparing Group I with 
Group III (p-TCP with buffer alone) using a two-sample t-test. This comparison 
determined whether Group I was superior to Group III between baseline and six months 
which included an assessment at three (3) months post-surgery. For these comparisons, 
~50.05 (one-sided) was considered to be statistically significant. 

9.6.1.2. Secondary Effectiveness Analysis 

l LBG and %BF at six months post:operatively for Group I and Group II 
compared with Group III using a two-sample t-test. This comparison 
determined whether Group I and II were superior to Group I& For this 
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comparison, ~10.05 (one-sided) was considered to be statistically significant. 

l CAL change between baseline and six months post-surgery for Group II (GEM 
21s containing 1.0 mg/ml PDGF) with Group III (@-TCP with buffer alone). 

l PDR (pocket depth reduction) change between baseline and six months (all 
groups). 

l CR (gingival recession) change between baseline and six months (all groups). 

l WH (wound healing) during the first three weeks post-surgery (all groups). 

l The AUC was computed for the change in CAL between baseline and three (3) 
and six (6) months to compare Group I and Group II to Group III. This assessed 
the cumulative advantage for Groups I and II versus Group III across the two 
post-treatment evaluations between baseline and six (6) months post-surgery. 
The same analysis strategy was used as for the change in CAL between baseline 
and six (6) months post-surgery. (Post-hoc). 

Comparisons to Historical Benchmarks of Effectiveness 

l The 95% LCB was computed for %BF at six (6) months post-surgery for 
Groups I, II, and III. A 95% lower bound in excess of 15% was considered to 
substantiate effectiveness. [Rationale: 15.3% + 13.6% represented the DFDBA 
group mean change in radiographic bone fill as reported by Parashis et. al.] 

* The 95% LCB was computed for linear bone growth at six (6) months post- 
surgery for Groups I, II, and III. A 95% lower bound in excess of 0.5 mm was 
considered to substantiate effectiveness. [Rationale: 0.5 +- 0.9 mm represented 
the DFDBA group mean radiographic linear bone growth as reported by Persson 
et al.] 

0 The 95% LCB was computed for the change in CAL between baseline and three 
(3) and six (6) months for Groups I, II, and IlI. A 95% lower bound in excess of 
2.7 mm was considered to substantiate effectiveness. [Rationale: 2.7 mm 
represented the Emdogain* treatment group mean change in CAL between 
baseline and six (6) months as reported in PMA P930021; approved May 7, 
1996; letter dated Sep. 30, 19961. (Post-hoc) 

0 The 95% LCB was computed for the change in CAL between baseline and three 
(3) and six (6) months for Groups I, II, and III. A 95% lower bound in excess of 
1.1 mm was considered to substantiate effectiveness. [Rationale: 1.1 mm 
represented the PepGen P-15 treatment group mean change in CAL between 
baseline and six (6) months as described in PMA P990033; approved October 
25, 1999. (Post-hoc) 

A composite analysis was performed to assess the cumulative beneficial effect on the 
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clinical and radiographic outcomes and determine the percent of patients with a 
successful outcome as defined by change in CAL 2 2.7mm and LBG 2 1. lmm at six (6) 
months. The resulting percentages were compared (Groups li and II versus Group Ill) 
using Fisher’s exact test. A similar analytical approach was used to assess %BF using a 
benchmark of 14.1% (the mean %BF as reported in the FDA approval of Emdogain, 
referenced above). (Post-hoc). 

For continuous outcomes, PDR and GR, two (2) sided t-tests were constructed for each 
outcome. For WH, two 2 x 2 tables was constructed to compare Group I and III and 
Group II and III and these tables were analyzed using both Chi-squared tests and 
Fisher’s Exact tests depending on the number of observations within each cell of the 2 x 
2 table. Comparisons of secondary endpoints also provided information useful for 
labeling of the product. 

The literature references were provided to simply identify historical benchmarks of 
effectiveness for change in CAL (2.7 mm for Emdogain), LBG (0.5 mm for DFDBA 
and 1.1 mm for PepGen P- 15), and % bone fill (15.3% for DFDBA and 14.1% for 
Emdogain), for other therapies with similar indications (see Section 16.1.12). The goal 
was to demonstrate superiority to reasonable effectiveness standards (similar to an 
OPC); to test if GEM 21s was likely to exceed these external standards. Under such 
circumstances, it was not appropriate to utiIize the variability of these reference 
publications in testing if GEM 21s exceeded these standards. For this calculation, only 
the variability of the clinical study was applicable. 

At the suggestion of FDA, and following completion of the clinical study, two 
additional analyses were performed. The first was a comparison of the GEM 21s 
clinical study results to the findings reported by the American Academy of Periodontology- 
sponsored “Workshop on Contemporary Science in Clinical Per&Ion&s”. This Workshop 
reported on a me&analysis of the literature and was published in the December, 2003 issue of 
the Annals of Periodontology. The second analysis was an assessment of site and/or patient 
outcome effects on the CAL gain results. This FDA request was based on the 
observation that from the 12 week time point to the 24 week assessment, there appeared 
to be a slight (not statistically significant) decline in CAL gain for Group I from 3.8 mm 
to 3.7 mm. 

9.6.X.3. Additional Statistical Considerations 

Descriptive statistics were calculated for the primary and all secondary endpoints. 
These include means and standard deviations for continuous variables and frequencies 
and percents for categorical variables, In addition to the primary analyses consisting of 
a series of t-tests, analysis of variance (ANOVA) niodels were fit to compare the three 
groups simultaneously. This model examined whether there was a differential effect in 
change in CAL depending on the level of PDGF (0 vs. 0.3 mg/ml vs. 1.0 mg/ml). 
Contrasts were examined using this ANOVA model to determine whether there were 
any significant differences between Groups I and II versus Group JII. In addition, an 
analysis of covariance. (ANCOVA) model was fit that included the baseline covakates 
of age, gender, race and current smoking status in order to control for covariates when 
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estimating the treatment effect. The treatment by study center interaction was also 
examined in an ANCOVA model. 

An analysis to assess the reIiability of CAL measurements, a “kappa” analysis, was 
performed by measuring the following two types of agreement: 

o Agreement between three pairs of measurements taken by the same investigator 
(within investigator), and; 

* Agreement between the three measurements paired with those taken by a “gold 
standard” examiner (standard comparison). 

9.6.1.4. Interim Analysis 

After 3-month follow-up was obtained on approximately one-half of the subjects (30 
subjects per treatment group, 90 total), an analysis was performed to verify the 
assumptions used in the original sample size calculation and to examine trends in 
effectiveness and safety variables. This analysis was meant to obtain meaningfuI, but 
not necessarily statistically significant, preliminary evidence of GEM 21s effectiveness, 
as we11 as confirmation of its safety. No decisions were to be made concerning stopping 
the trial as a result of futility or better than expected effectiveness. Thus, the overall 
significance level of the f?nal analysis (5% Type 1 err-or) was maintained. 

During this analysis the incidence of adverse events was assessed. In addition, the mean 
improvement in CAL in treatment Groups I and lT was compared to Group lB (control) 
using two-sample t-tests, as described previously in this statistical analysis plan, to 
determine if trends in effectiveness are present. These trends were projected to the total 
expected sample size (60 subjects per group, 180 total) to determine the likelihood of 
ultimate study success. 

Finally, the pooled standard deviation and the difference in means were applied to the 
sample size equation and a new sample size calculated. If the new sample size was 
greater than that calculated prior to the study or if there are other indicators that the 
results were not as favorable as expected, the company requested that the study be 
expanded or made the decision to terminate the trial. In the event that a decision was 
made to expand the sample size, the estimate of the final treatment effect, at the study 
completion, was made using methods described by Cui et aE (1999). If the new sample 
size was smaher than that calculated prior to the study or if there were other indicators 
that the results were more favorable than expected, the company continued on with the 
study as planned so as not to incur the statistical penalties that would normally be 
associated with a traditional interim analysis. 

No interim analyses were performed for any of the radiographic data, as the six (6) 
month images were analyzed after patient enrollment was completed. 

9.6.2. Determination of Sample Size 

The estimated sample size for this trial was calculated using CAL and relied on the 
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normal deviate distributions for a one-sided t-test comparing two groups of independent 
and randomly allocated subjects. Each participating individual contributed one osseous 
defect to the trial. 

The number of subjects needed per treatment group was calculated using the folIowing 
assumptions: n 2 2(SD)‘( 1.645 +.84)*lD2 where: 

* normal deviate at a = 0.05 (one-sided); 
* normal deviate at p = 0.20 (80% power); 
. standard deviation (SD) of CAL change = 2.0 mm; and 
0 detectable difference (D) in CAL = 1 .O mm. 

For the present study, in which the bulk of the changes in CAL measurements were 
expected to be in the 0.4 - 3.3 mm range, the best estimate of the standard deviation in 
CAL was conservatively estimated to be 2.0 mm (Laurel1 et. al., 1998). The detectable 
difference (D) was 1.0 mm, as this difference was the minimum difference that is 
typically observed with currently available treatment for periodontal defects. When 
comparing to the control device (p-TCP with buffer), 50 subjects per group were 
required. Conservatively allowing for 15% attrition, each group was randomly allocated 
60 subjects in order to allow for statistical power to be as calculated. 

9.6.3. Changes in Conduct of the Study or Planned Analyses 

The current statistical analytical plan, as provided for in this Clinical Study Report, has 
undergone review and approval by FDA pursuant to IDE GO10340 as amended and 
supplemented. A summary history follows. 

An amendment was issued on March 13,2002 as requested by FDA prior to approval of 
the IDE; an amendment summary is listed in Appendix 16.1 .l. 

The major changes were: 

l The number of subjects was increased from 150 to 180 subjects 
l The number of possible centers was increased from 10 to 12 
l A probing pocket depth measuring at least 7 mm or greater was required at the 

baseline visit 
l Clinical probing measurements were added at 3 months after treatment in order 

to provide clinically meaningful data necessary to confirm the sample size 
assumptions 

Two IDE supplements to the statistical analysis plan were approved by FDA. The first 
was issued on May 5,2003 (Appendix 16.1-l .) and approved on May 9,2003; the second 
was issued on October 31,2003 and approved by FDA on November 25,2003. The 
collective changes were to:. 

l Clarify the primary endpoint to allow Group I to be compared to Group Ill, 
based on preclinical evidence indicating that the 0.3 mg/ml rbPDGF-BB could 
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have a significant benefit in the human periodontal model at a lower 
concentration than Group II (I .O mg/ml); 

* Establish the radiographic assessment of linear bone growth (LBG) and percent 
bone fill (%BF) as secondary effectiveness outcome measures. 

Additional statistical analyses, such as area under the curve (AUC) as it related to 
CAL,, and 95% lower confidence bound calculations of CAL, %BF and LBG 
relative to published data and historical benchmarks of effectiveness for other 
approved products. 

Thus, the statistical analytical plan for the GEM 21s clinical study was approved by the 
FDA in IDE GOl34WS 10, approval dated Nov. 25,2003. Subsequently, the IDE was 
closed in a formal notification to FDA (Supplement no. 10) filed with FDA on Jan. 28, 
2004 and approved by FDA on that same date. 

9.7. Reliability of Measurements (“Kappa Analyses”) 

The objective of this analysis was to assess the reliability of clinical measurements. This 
assessment was accomplished by measuring the following two types of agreement: 

* Agreement between three pairs of measurements taken by the same investigator 
(within investigator), and; 

0 Agreement between each of the final investigator measurements paired with those 
taken by a “gold standard” examiner (standard comparison). 

9.7.1. Study Methods 

There were two calibration sessions. At the initial calibration session, each investigator 
and the gold standard examiner performed probing measurements and repeated the same 
measurements on two patients. Data were recorded to the nearest mm. At a six-month 
follow-up visit, there was a second calibration session where each investigator and the 
gold standard examiner measured CAL in a single patient. At the six- month follow-up, 
investigators had already benefited from the training received at the initial calibration. 
The initial and follow-up data were, therefore, considered separately. 

If any of the three measurements by each investigator differed from one of the others 
(intra-examiner) by more than 1 mm, or if the mean of the three measurements (Ml, M2, 
M3) differed from the mean of the “gold standard” based on three separate measurements 
(Gl, G2, G3), then the individual investigator measurements were repeated. This 
methodology promoted convergence. To promote consistency for the kappa analysis, 
data from these repeat calibrations were not included in the analysis. 

10. STUDY SUBJECTS 

10.1. Disposition of Subjects 

One hundred ninety five (195) subjects were screened and 180 were randomized into the 
study. Of the 15 subjects that did not meet the inclusion criteria, 4 were excluded at the 
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screening visit and 11 were excluded at the surgery visit due to defect disqualification 
(Table 2). The reasons for defect disqualification included: defect(s) not severe or deep 
enough, fibrinogen disorder with bleeding risk, horizontal root fracture, class III furcation . 
involvement, and presence of generalized catious lesions. 

Table 2. Subject Disposition 

Other 
Completed Study 
Ref.: Statistical Table 14 

I 0 
1’78 

Of the 180 randomized subjects, 60 were randomized in the Group I, 61 in Group II, and 59 
in Group III, representing an even distribution across the three treatment groups. Appendix 
16.1.7 presents the randomization scheme and codes (Data Listing 17, Appendix 16.2). 
One subject (02-03) in Group II was lost to follow-up and one subject (04-12) in Group,III 
refused to continue in the study. Wowever, subject 04-12 returned at 6-month visit and 
agreed to have the visit 13 evaluations performed. This subject was designated in the 
clinical summary page as discontinued due to “withdrew consent”. No subjects were 
withdrawn from the study due to non-compliance. One hundred seventy eight (178) 
subjects completed the study as per protocol (Data Listing 21). From these subjects, 174 
complete sets of radiographic films (baseline and six months) were considered evaluable for 
inclusion in the radiographic analysis. 

10.2. ProtocoI Deviations/Violations 

Of the protocol deviations/exceptions recorded during the study, the most common was 
visits that fell outside of the protocol defined visit window. Most of these deviations were 
within l-3 days of the anticipated visit and this shouId have no effect on the study outcome, 
as the events were randomly spread among all treatment groups and minor deviations in 
patient visits do not affect study outcomes. Other deviations included: sutures removed 
prior to 10 days post-surgery at the investigator’s discretion, supragingival cleansing not 
done due to the Principal Investigator’s opinion it was not necessary (no visible plaque), 
missed study visit, patient not taking full regimen of antibiotics, and others (Appendices 
16.2.2 and 16.2.3). All deviations or exceptions were assessed and documented in 
accordance to GCPs. The CR0 and study sponsor concluded that the deviations and 
exceptions did not affect the study outcome or the conclusions drawn from the study. 

There were no patient drop-outs at any time point due to protocol deviations or violations 
and all safety and effectiveness data were used in the intent-to-treat statistical analyses. 
There were no protocol violations. 
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11. EFFECTIVENESS EVALUATIONS 

PMA Ciinicat Study Report 
March 8, 2004 

1X.1, Data Sets Analyzed 

Summary of the safety and effectiveness of GEM 21s can be found in Appendix 16.1-9, and 
individual subject data listings can be found in Appendix 16.2. 

11.2. Demographic and Other Baseline Characteristics 

11.2.1. Demograp hits 

Demographic characteristics and smoking history for each treatment group are 
summarized in Table 3. Individual subject data can be found in Data Listings 1 and 5 
(Appendix 16.2). No statistically significant differences among the groups were observed 
in age, gender, race, height, weight or smoking history. The three (3) treatment groups 
were balanced in all baseline characteristics. 
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Table 3. Demographics 

PMA Clinical Study Report 
March 8,2004 

Min - Max 27 - 67 

Weight (kg) 

L Mean 3~ SE 78.022.9 

Height (cm) 

Min - Max 46.4 - 155.0 

Mean rfr SE 
Min - Max 

169.5rl. 1 

154.9 - 188.0 
Smoking History 

Current Smoker 
Number of Years Smoking 

(Mean z!z SE) 
Number of Cigarettes 

Smoked Daily (Mean rtr SE) 
Number of Cigars Smoked 

Weekly (Mean rtr SE) 
Number of Pipes Smoked 

Weekly (Mean + SE) 

12 (20.0%) 
21.523.7 

11 Ad .6 

0.05zo.0 

0.0~0.0 

I 

O.O&O.O 0.150.1 O-438* 

0.oko.0 
I O.&O.6 0.281* 

*P-value: one-way ANOVA 
**P-value: Chi-Square test 
***P-value: Fisher’s Exact test 

Refi Statistical Tables 1 and 2, Data Listings 1 and 5 
Group I: GEM 21s with sodium acetate buffer containing 0.3 mg/mL rhPDGF-BB, 
Group II: GEM 21s with sodium acetate buffer containing 1.0 mg/mL rhPDGF-BB, 
Group III: fi-TCP with sodium acetate buffer alone. 

11.2.2. Other Baseline Characteristics 

Table 4 summarizes the baseline probing measurements including CAL, PD and GR 
(Statistical Table IO), defect location and classification at baseline (Statistical Table 5), 
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and the defect assessments (Statistical Table 6) for each treatment group. In addition, the 
bone architecture comments (normal/abnormal) at baseline based on a radiograph of the 
study site (Statistical Table 4) for each treatment group is also summarized in Table 4. 
Data for individual subjects are presented in Data Listings 8, 11 and 12 (Appendix 16-2). 

Table 4. Other Baseline Characteristics 

*P-vaiue: one-way ANOVA 
**P-value: Chi-Square test 
***P-value: Fisher’s Exact test 

Ref.: Statistical Tables 4-$10, Data Listings 8, 11, and 12 

The baseline data revealed that the majority of patients possessed 1 and 2 wall defects 
that represent the most difficult bone defects to treat. using current therapies. These 
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defects have been nominally characterized as “severe”. 
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March 8, 2004 

There were no statistically significant differences among the three groups for all baseline 
measurements, except for the base of defect to root apex measurement from the 
radiograph As this was the only notable difference in baseline defect characteristics, it 
was not considered to be clinically meaningful. 

112.3. Medical/Dental History 

There were no statistically significant differences observed among the treatment groups 
for reported medical and dental history (Statistical Table 3, Appendix 161.9). The 
medical and dental screening visit comments for individual subjects are presented in Data 
Listing 6, Appendix 16.2. 

11.3. Measurements of Treatment Compliance 

All study kits were selected at the study site according to the randomization code (Data 
Listing 17, Appendix 16.2). Specific information related to the surgery, i.e. subject 
randomization number and approximate amount of product placed in the bone defect was 
also recorded (Data Listing 16, Appendix 16.2). 

All study kits were shipped and stored under refrigerated conditions (2-8°C). As this study 
was conducted in conformance with applicable regulatory controls for test product 
accountability, any kits received outside of the temperature specifications were to be 
quarantined at the site and replaced with the subsequent kits. Therefore, there are some 
patient identification numbers that were not used in the study. See Table 5 below that 
identifies the reasons for missing subject,identification numbers. 

Table 5. Unused Study Kits 

11.4* Effectiveness Results and Tabulation of Individual Subject Data 

Summary effectiveness tables and analyses can be found in Appendix 16.1.9, and individual 
subject data listings can be found in Appendix 16.2. 
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PMA CIinical Study Report 
March 8, 2004 

11.4.1. Analysis of Effectiveness 

11.4.1.1. ‘Primary Endpoint - CAL GAIN 

The protocol provided for an assessment of CAL gain from baseline to Week 24 (6 
months) Post-surgery using a historically established level of clinical effectiveness of 
1.5mm in order to assure that the effects detected in this trial were clinically meaningful. 

All three treatment groups showed statistically significant gain above the historically 
established level of clinical effectiveness (Table 7). Thus, the results for all treatment 
groups were considered to be clinically meaningful. 

Table 7. CAL Gain: Comparison to the 1.5 mm IIistorically Established Level of 
Clinical Effectiveness 

p-value (paired t-test vs. 1Smm) <0.001* 
Ref.: Statistical Tables lla and 15c, Data Listing 12 

*Statistically significant 

<o.oo 1* <0.001* 

11.4.1.1.1 CAL Gain - Weeks 12 & 24 Post-Surgery Group I vs. Group III 

At Week 12 post-surgery, a statistically significant CAL gain from baseline was 
observed in the Group I when compared with the Group III (p = 0.041). At Week 24 
post-surgery, CAL gain from baseline remained stable from Week 12 post-surgery in 
Group I and the CAL in Group III increased 0.2 mm. The Group I results at 24 weeks 
continued to be numerically superior to Group IIl although the difference was not 
statistically significant (p = 0.200). Additional analyses were performed to assess 
CAL outcomes in comparison to historical benchmarks, which are described below. 
The results are summarized in Tabie 8 below. 
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Table 8. CAL Gain; Comparison Between- Group I and Group III at Week 12 and 
Week 24 Post-Surgery 

*Statistically significant p-value (~50.05) comparing changes from baseline 

At FDA’s request, an assessment of site and/or patient outcome effects on the CAL gain 
results was performed. This FDA request was based on the observation that at 24 weeks, 
there appeared to be an slight (not statistically significant) decline in CAL gain for Group 
I from 3.8 mm to 3.7 mm. 

This post hoc analysis found that there was a single patient outlier at a single center (site 
09). An assessment of the patient records including radiographs indicated that the patient 
had an acute, untreated apical infection at the time of surgery, a contraindication for GEM 
21s. Based on that rationale, the patient and site were excluded from the analysis. The 
study results were recalculated in the same manner as the previous ‘intent to treat’ 
analysis, with this single patient excluded. As a result, the statistical significance at 3 
months was further improved and the 24 week mean CAL gain was 3.83 mm, unchanged 
from the 3 month time point. 

Table 9. Adjusted CAL Gain for Group I Between Surgery and 24 Weeks 

+ vs. Group III 

11.4.1.2. Secondary Endpoints 

11.4.1.2-l Linear Bone Growth 

The protocol provided that all sites take baseline, three-month, and six-month 
periapical radiographs. These radiographs were assessed for their quality by the 
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investigator and retaken during the same patient visit if necessary. Radiographs were 
sent to a centralized, blinded radiographic evaluator as part of a separate IRB reviewed 
protocol conducted under the direction of Dr. Michael Reddy at the University of 
Alabama at Birmingham. These films were digitized and normalized, and linear 
radiographic measurements were recorded and analyzed for differences in bone 
changes. The study director and radiographic technician remained blinded to 
treatment groups throughout the analysis. 

The following raw measurements were taken on the baseline and six month digitized 
periapical images: 

* CEJ to Base of Defect 
* CEJ to Crest of Bone 
l CEJ to Apex 

The following formula was used to determine linear bone growth: 

LBG = CEJ to Base of defect at baseline - CE J to Base of defect at 6 months 

At Week 24 post-surgery, a statistically significant increase in linear bone growth was 
observed in Group I when compared with Group III (p<O.OOl) as shown in Table 10 
below. Group II also showed a significant improvement in LBG when compared with 
Group IIl (p=O.021). 

Data for individual subjects are presented in Data listing 23 (Appendix 16.2). Of the 
180 randomized subjects, six subjects were excluded from the radiographic analysis 
due to: 1) no follow-up due to study discontinuation (02-03,04-12), 2) radiographs not 
evaluable (02-08,04-03, 11-15) and 3) incorrect radiograph was received (09-20). 

The 95% lower confidence bound of LBG for Groups I and II were 2.02 mm and 1.10 
mm, respectively. Both of these values were greater than 0.5 mm, which represents 
the DFDBA group mean LBG from the literature (Persson et al., 2000). These results 
substantiate the effectiveness of treatment Groups I and II at the Week 24 time point, 
as compared to the active control (p-TCP) and DFDBA. 
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Table 16. Radiographic Assessment of Linear Bone Growth (LBG) 

*Statistically significant p-value ($0.05) 

The cumulative LBG was computed and the distribution functions are displayed in 
Figure 1 below. The three treatment groups demonstrated separation where Group I 
consistently demonstrated the best effectiveness; the percents were highest for Group I 
followed by Group II and Group III respectively for any LBG threshold. In no case 
does Group I fail below the response seen in Groups II or III. A Wilcoxon Rank Sum 
test was used to compare the distributions for Groups I (p<O.OOl) and II (p=O.O572) 
versus Group III. This overall comparison demonstrated a consistent advantage for 
Group I over Group III which were independent of the LBG threshold. 

Figure 1. Linear Bone Growth Cumulative Distribution 

1.0 
I 

- 0.3 mg/mI 
na - - - 1.0 nag/ml 

0.7 

0.6 

0.5 

0.4 

0.3 

Figure 1. p-value from two-sample Wilcoxon Rank Sum test are ~0.00 I and 0.0572 respectively for 0.3 mg/mL and 
I .O mg.mL vs. Buffer (Program: Radiograph-LBG-cv.sas) 
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11.4.1.2.2 Percent Boile Fill 

The following formula was used to calculate percent bone fill (%BF): 

CEJ to Base of Defect at Baseline - CEJ to Base of Defect at 6 months 
%  Bone Fill = fl CEJ to Base of Defect at Baseline - CEJ to Crest of Bone at Baseline 

At Week 24 post-surgery, a statistically significant increase in the %BF was observed 
in Groups I and II when compared to Group III (Table 11). Data for individual 
subjects are presented in Data listing 23 (Appendix 16.2). 

Table 11. Radiographic Assessment of Percent Bone Fill 

Ref.: Statistical Table 15a, Data Listing 23 

The 95% lower confidence bound of the %BF for Groups I and II were 44% and 25%, 
respectively. Both of these values were greater than 15%, which represents the 
DFDBA change in radiographic bone fill as reported in the literature (Parashis et. al.). 
These results substantiate the effectiveness of Groups I and Il at Week 24 as 

compared to the active control (p-TCP alone) and DFDBA. 

The cumulative %BF was computed and the distribution functions are displayed in 
Figure 2 below. The three treatment groups demonstrated separation where Group I 
consistently demonstrated the best effectiveness; the percents were highest for Group I 
followed by Group II and Group III respectively for any %BF threshold. In no case 
does Group I fall below the response seen in Groups II or III. A  W ilcoxon Rank Sum 
test was used to compare the distributions for Groups I (p<o.OOOl) and H (p=O.O317) 
versus Group III. This overall comparison demonstrated a consistent advantage for 
Group I over Group III which were independent of the %BF threshold. 
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Figure 2. Percent Bone Fill CumuIative Distribution 

Percent ,Bcme Fill (X) 
Figure 2. p-value from two-sample Wilcoxon Rank Sum test are <O.OOOl and 0.03 17 respectively for 0.3 mg/mL and 
1 .O mg.mL vs. Buffer (Program: RadiographBF-cv.sas) 

11.4.1.2.3 CAL Gain - 24 Weeks Post-Surgery Group II vs. Group III 
Secondary CAL Analysis 

No statistically significant CAL gain from baseline was obsenred between Groups II 
and III at the Week 24 post-surgery (Table 12). 

Table 12. CAL Gain: Comparison Between Group II aud Group III At Week 24 
Post-Surgery 

11.4.1.2.4 AUC of CAL Gain 
The AUC for CAL gain from baseline to Week 24 approached statistical significance 
(Table 13) favoring Group I in comparison with Group III (pzO.054). This analysis 
demonstrates a clinically meaningful difference in the gain in CAL between baseline 
and six months post-surgical in Group I, and confirms the importance of PDGF in 
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facilitating early healing at the surgical site and allowing earlier periodontal 
attachment gains. 

Table 13. AUC of CAL Gain Between Groups I, II and III 

Figure 3. AUC for CAL Gain Between Groups I, II, and III 

StudvAssessmentWeek 
6 0.3 mg/ml A f .O mgfml 8 Buffer alone 

Figure 3. AUC for CAL gain. The area Under the curve (AUC) analysis represenis the gain in CAL between baseline 
and three and six months. Group I attained the highest level of the three treatment group (p=O.O54) demonstrating 
the beneficial effect from baseline to six months. 

11.4.1.2.5 ‘CAL Gain: 95% Lower Confidence Bound 
Table 14 summarizes the CAL gain observed between Groups I, II and III at Weeks 12 
and 24. For the 95% lower confidence bound, Groups I and II showed mean CAL gain 
of >3.05 mm at Week 12 and Week 24 time points. These values were greater than the 
2.7 mm reference mean as derived from the Emdogain PMA and 1.1 mm reference 
mean as PepGen P- 1.5 J-M PMA. These results substantiate the effectiveness of 
treatment Groups I and II at Weeks 12 and 24 time points compared to results for 
approved products for the same indications. 
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Table 14. CAL Gain: 95% Lower Confidence Bound at Week 12 and Week 24 

N=60 

Mean z!z SE (mm) 3.7k0.2 

95% Lower Confidence Bound 3.3 

Ref.: Statistical Table 1Sc, Data Listing 23 
Emdogain=2.7 mm; PepGen P-15=1.1 mm 

I N=60 N=59 

3.7rto.2 3.5ti.2 

I 3.2 3.1 

11.4.1.2.6 Additional Statistical Analyses for CAL at 24 Weeks 

Several supplementary analyses were performed to examine differences in CAL 
outcomes based on demographics, study center (investigator), and which found: 

1. No statistically significant differences were observed between treatment Groups 
I and Ill when comparisons were adjusted for age, gender, race and current 
smoking status (p = 0.419, ANCOVA model two-sided test, Statistical Table 
1 lbl). 

2. The study center by treatment interaction was found not to be statistically 
significant (p = 0.119, ANCUVA model two-sided test, Statistical Table 11 bl). 

3. No statistically significant differences were observed in the among-group 
comparison (p = 0.702, one-way ANOVA model, Statistical Table 1 lc). 

4. There was no observed linear dose trend (p = 0.408, Iinear contrast ANOVA 
model, Statistical Table 1 lc). 

11.4.1.2.7 Composite Analysis 

To assess the cumulative beneficial effect for clinical and radiographic outcomes, a 
composite analysis was performed to determine the percent of patients with a 
successful outcome as defined by CAL 2 2.7mm and LBG 2 1,lmm at six (6) months 
and by CAL 2 2.7mm and %BF 2 14.1%. The CAL, LBG and %BF benchmarks of 
success were established by the mean levels achieved for these parameters in the PMA 
approved devices as identified in their Summary of Safety and Effectiveness (SS&E) 
which is detailed in Section 161.12. 

The results showed that 61.7% of Group I patients and 37.9% of Group II patients met 
or exceeded the composite benchmark for success compared to 30.4% of Group Ill 
patients, resuIting in a statistically significant benefit of Group I vs. III (p<O.OOl). 
%BF revealed similar benefits for Group I (70.0%) vs. ID (44.6%) for a p-value of 
0.003 (Table 15). 
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Table 15. Composite Analysis of Clinical and Radiographic Measurements 

*Statistically significant p-value (p50.05) in the comparison of the composite proportions 

11.4.1.2.8 Change in GR 

At three months, there was significantly less Gingival Recession (CR) (p=O.O41) for 
Group I compared to Group III consistent with the beneficial effect observed with 
CAL and the accelerating healing effects described in the AUC rest&s. No 
statistically significant differences were observed in GR at six months (Table 16). 

Table 16. Summary of Change From Baseline In GR at Week 12 and Week 24 Post- 
Surgery (Groups I and II vs. Group III) 

p-value (Groups I and II vs. Group 111, 
two-sided two-sample t-test) 
Ref.: Statistical Tables 12al,l2a2 and 12b, Data Listing 12 

*Statistically significant p-value (psO.05) 

11.4.1.2.9 PDR 

Table 17 summarizes the PDR between baseline and Week 24 post-surgery. There 
were no statistically significant differences observed in any of the pair-wise 
comparisons for PDR measurements. 
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Table 17, Summary of Change From Baseline In PD At Week 24 Post-Surgery 
(Groups I and II vs. Group III) 

two-sided two-sample t-test) I i I 
Ref.: Statisticai Tables 12al and 12b, Data Listing 12 

11.4,1.2.10 Wound Healing 

Three weeks post-surgical, 72% of subjects in Group I experienced complete healing, 
compared to 60% and 55% in Groups II and III, respectively. Descriptive analysis of 
the number of sites exhibiting complete wound healing (WH) at three weeks revealed 
improvements in Group I (72%) vs. Group II (60%) and Group III (55%), indicating a 
trend toward improved healing. Table 18 presents mean wound healing scores by 
post-surgery visit. 
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TabIe 18. Mean Wound Healing Scores by Post-Surgery Visits 

Visit 6 (3-5 days) 
0 

2 f 3 (5.0%) 1 2 (3.3%) 1 3 (5.2%) 1 
3 1(X.7%) 3 ‘(5 .O%) 3 (5.2%) 
4 1(1.7%) 0 (0.0%) 1 (1.7%) 

p-value (Groups I and II vs. Group III, Cochran- 0.138 0.442 
Mantel-Haenszel methods) - 
Ref.: Statistical Tables 12~ and 12d, Data Listing 12 

I I 
I 

H-4.1.3. Supplemental Analyses 

Descriptive subgroup analyses (no p values) were performed to determine if there were 
any trends within demographic variables or baseline characteristics that could influence 

. the effectiveness outcomes (Statistical Tables 17 and 18). Overall, increased LBG, 
improvement in %BF,and higher CAL gains were observed in non-smokers compared 
to smokers, and subjects with three circumferential apical bone walls compared with 
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subjects with one or two apical bone walls. Improved effectiveness outcomes were 
seen in subjects with baseline areas of defect >21 mm2 and who were 150 years of age 
and non-Caucasian. 

11.4.13.1 META ANALYSIS 

Following the completion of the GEM 21s clinical study, and at the suggestion of 
FDA, a comparison of the GEM 21s clinical results were made to the clinical outcome 
findings (‘meta-analysis’) as reported by the American Academy of Periodontology- 
sponsored “Workshop on Contemporary Science in Clinical Periodontics”. These 
results were reported in the December, 2003 issue of the Annals of Periodontology. 

GEM 21s (p-TCP+O.3mg/ml PDGF) was compared to the results of the two reported 
meta-analyses from Reynolds et al and Giannobile et al. The two assessments each 
compared the GEM 21s clinical results to a specific published meta-analysis. Both 
assessments were performed by the lead authors of the original publications. Copies 
are found in Section 161.12. 

In the first analysis by Reynolds et al, the author concluded that the GEM 21s clinical 
study patient population were similar to the baseline characteristics of the patients 
described in the published meta-analysis. The author compared the historical clinical 
attachment level, probing depth, and linear bone fill results which were found to have 
a favorable comparison to the GEM 21s clinical resuits. These results are summarized 
in the following table. 

Table 19. GEM 21s and the historical clinical attachment level, probing depth, and 
linear bone fill results 

1 GLA 2.31 3.37 2.56 -. t 

0.89 I 
Abbreviations: 
O-open flap debridement; ALL=allograft; AUT=autograft; CER=ceramic; COR=coraIline; 
GLA=Bioactive glass 

The author concluded that the GEM 21s study resuits demonstrated its clinical 
effectiveness in the treatment of periodontal bone defects and provided favorable 
outcomes to these historical clinical measures. 

An additional review examined the clinical effects of Emdogain compared to the 
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clinical and radiological patient outcomes in current standards of care (Giannobile et 
al). The results of the GEM 21s comparison to the reported results of Open Flap 
Debridement (OFD), Emdogain and Allograft are summarized in the following table. 

Table 20. GEM 21s comparison to the reported results of Open FIap Debridement 
(OFF)), Emdogain and Allograft 

B-TCP Alone’ 1 0.9 I 17.9 I 3.5 I 

The authors of this assessment concluded that GEM 21s is safe and effective and was 
likely to provide superior results in clinical applications where bone augmentation is 
warranted. 

11.4.31.4. Other Post-Surgery Assessments 

No statistically significant differences were observed among the three treatment groups 
in the post-surgery assessments for containment of the study medication at the lesion 
site and closure of the soft tissue (Statistical Table 7, Appendix 161.9; Data Listing 14, 
Appendix 16.2). The majority of subjects had supragingival cleansing of the surgical 
site and received supragingival prophylaxis. Treatment groups had their sutures 
removed less than 10 days post-surgery in 20.3%, l&7%, and 15.5% of subjects for 
Groups I, II and Ill, respectively. The majority (Group 1=90%, Group lI=92%, Group 
lIt=98%) of the subjects did not miss a day of work as a result of the surgery (Statistical 
Table 8, Appendix 16.1.9; Data Listing 18, Appendix 16.2). In addition, the majority of 
subjects (All groups=75%) followed protocol provided instructions for oral hygiene and 
maintained good oral hygiene (Statistical Table 9, Appendix 16.1.9; Data listing 9, 
Appendix 16.2). 

11.4.2. Statistical/Analytical Issues 

11.4.2.1. Reliability of Measurements (“Kappa Analysis”) 

An analysis to assess the reliability of clinical measurements. This assessment was 
accomplished by measuring the following two types of agreement: 

. Agreement between three pairs of measurements taken by the same investigator 
(within investigator), and 

. Agreement between each of the final investigator measurements paired with 
those taken by a “gold standard” examiner (standard compar@on). 

11.4.2.1.1 Study Methods 

There were two calibration sessions. At the initial calibration session, each 
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investigator conducted measurement on two patients. Data were recorded to the 
nearest mm*. At a six-month follow-up visit, there was a second calibration session 
where each investigator rated a single patient. At the six-month follow-up, _ 
investigators had already benefited from the training received at the initial calibration. 
The initial and follow-up data were therefore considered separately. 

If any of the three measurements differed from one of the others by more than 1 mm, 
or if the mean of the three measurements (Ml, M2, M3) differed from the mean of the 
“‘gold standard” based on three separate measurements (Gl, G2, G3), then the 
individual investigator measurements were repeated. This methodology promoted 
convergence. To promote consistency for the kappa analysis, data from these repeat 
calibrations were not included in the analysis- 

Analysis Results 

The means and standard deviations of the investigator measurements are summarized 
in Table 21- The means and standard deviations of the “gold standard” measurements 
are summarized in Table 22. 

Within Investigator Agreement 

To examine the within investigator agreement, the means and standard deviations of 
the pair-wise differences between the three investigator measures (M3-Ml, M3-M2 
and M2-Ml) were calculated. A weighted kappa statistic was calculated for each pair 
to quantify the level of agreement for each pair. The results for the initial calibration 
visit are summarized in Table 23. 

Differences in the pairs were small, ranging from 0.028 mm between M2 - Ml and M3 
- M2 to 0.056 mm for M3 - M3. This translated into a high level of agreement with 
weighted kappa statistics ranging from 0.9357 to 0.9596. As expected, the agreement 
was smallest between the first and third measurements. Results were similar at the 
follow-up calibration visit, summarized in Table 24. 

Investigator vs. “Gold Standard” Agreement 

To examine the agreement between the investigator and “gold standard” 
measurements, weighted kappa statistics were calculated for the following three 
comparisons: Ml vs Gl, M2 vs G2, and M3 vs G3. At the initial calibration visit, the 
levels of agreement between the investigators and the “gold standard” were high, with 
weighted kappas ranging from 0.8695 to 0.8955. 

Because each subsequent observation within a calibration session may have increased 
precision due to the information gain from the previous observation, the third 
observation, M3 was expected to be closest to the “true” measure. The agreement 

* One investigator, McCIain (site 7), measured to the nearest 1% mm. 

The confidential information in this document is provided to you as a Principal Investigator or consuItant &r review by you, your staff, and the 
applicable Institutional Review Board/Independent Ethics Committee. Your acceptance of this document constitutes agreement that you wilI 

66 

not disclose the information contained herein to others without written authorization from the Sponsor, BioMimetic Pbarmaceuticak., Inc. 



BioMimetic Pharmaceuticals PMA Clinical Study Report 
Protocol Number: BMPI-2001-01 March 8,2004 

between M3 and G3 was therefore further investigated with a statistical test of the 
weighted kappa (0.8901) which was significant (p < 0.0001). A Pearson r correlation 
coefficient was also calculated. M3 and G3 were highly correlated (r = 0.9244) and 
this correlation was statistically significant (p < O.OOOl). Results for the initial 
calibration visit are summarized in Table 25. 

The analysis of the follow-up calibration visit produced similar results. All weighted 
kappas indicated agreement (0.6964 to 0.9600) and the M3 vs G3 comparison (kappa 
= 0.8592) was statistically significant (p = 0.0024). The Pearson r correlation 
coefficient of 0.9158 was also statistically significant (p = 0.0002). Results for the 
follow-up visit are summarized in Table 26. 

Conclusions 

Both within investigator agreement and agreement between investigators and the “gold 
standard” were high at both the initial and follow-up visits. The slightly larger p- 
values at the follow-up visit compared to the initial visit for the M3 vs G3 comparison 
is likely due to the smaller number of available measures at follow-up (22 at initial vs 
10 at follow-up). 

Table 21. Summary of Investigator Ratings 

Table 22. Summary of “Gold Standard” Ratings 

Table 23. Within Investigator Agreement - Initial Calibration Visit 
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Table 24. Within Investigator Agreement - Follow-up Cahbration Visit 

Table 25. Between Investigator Agreement (Investigator vs “Gold Standard”) - Initial 
Calibration Visit 

Table 26. Between Investigator Agreement (Investigator vs “Gold Standard”) - Follow- 
up Calibration Visit 

11.4.2.2. Adjustment for &variates 

The primary effectiveness analysis was adjusted for the covariates of age, sex, race and 
current smoking status. 

11.4.2.3. Handling of Dropouts or Missing Data 

No algorithms were used to estimate missing data. 

11.4.2.4. Interim Analysis 

The interim analysis was performed and presented to the Sponsor on November 18, 
2002. Based on the results of the interim analysis, no changes were made to the study 
design. 

11.4.2.5. Multicenter Study 

This was an 1 l-center study. 

11.4.2.6. Multiple Comparisons 

No adjustments were made for multiple comparisons. 
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11.4.2.7. Use of an “Effectiveness Subset” of Subjects 

Data were displayed for subsets to allow for comparisons to other approved products. 

11.4.2-S. Active-Control Studies Intended to Show Equivalence 

Not performed. 

11.4.2.9. Examination of Subgroups 

Only descriptive statistics were used for the subgroup analyses. 

11.4.2.10. Tabulation of Individual Response Data 

See Data Listings 15 and 16 in Appendix 16.2. 

11.4.3. Drug Dose, Drug Concentration, and Relationships to Response 

Not performed. 

11.4.4. Drug-Drug and Drug-Disease Interactions 

Not examined. 

11.4.5. By-Subject Displays 

Individual subject listings were displayed in Appendix 16.2, 

11.4.6. Effectiveness Conclusion 

The results from the statistical analyses revealed both clinically and statistically 
significant benefits for the two GEM 21s TM treatment groups (Groups I and IQ, compared 
to the active control of p-TCP alone (Group Ill) and historical controls including 
DFDBA, Emdogain and PepGen P-15. 

At three months post-surgery, a statistically significant CAL gain from baseline was 
observed in favor of Group I versus Group III (p = O-041), indicating that there are 
significant early benefits of PDGF on the gain in CAL. At six months post-surgery, this 
trend continued to favor Group I over Group HI, although this difference was not 
statistically significant (p = 0.20). The area under the curve analysis (AUC) which helps 
represent the cumulative effect (i.e. speed) for CAL gain between baseline and six months 
approached statistical significance favoring the Group I in comparison to Group III 
(p=O.O54). Further, the 95% lower confidence bound (LCB) analyses for all tretitment 
groups substantiated the effectiveness advantage of Groups I and Il compared to the CAL 
gains observed at six (6) months for EmdogainB and PepGen P-15TM. 

In addition to the observed cIiriica1 benefits of CAL, radiographic analyses including 
Linear Bone Growth (LBG) and Percent Bone Fill (%BF}, revealed statistically 
significant improvement in bone gain for Groups I and Ii vs. Group IlI. %BF was defined 
as the percent of the original osseous defect filled with new bone as measured 
radiographically. LBG showed significant improvement in G&p I (2.5mm) when 
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compared to Group III (0.9mm, p<O.OOl). LBG was also significant for Group II 
(1.5mm) when compared to Group IlI (p=O.O2 I)- 

Percent Bone Fill (%BF) was significantly increased at six months post-surgery in Group 
I (56%) and Group II (34%) when compared to Group IlI (18%), for a p<O.OOl and 
p=O.O19, respectively. 

The 95% lower bound of the confidence interval at six months post-surgical, for both 
linear bone growth and % bone fill, substantiated the effectiveness of Groups I and II 
compared to the published radiographic results for DFDBA, the most widely used 
material for periodontal grafting procedures. 

At three months, there was significantly less Gingival Recession (GR) (p=O,O41) for 
Group I compared to Group III consistent with the beneficial effect observed with CAL. 
No statistically significant differences were observed in PDR and GR at six months. 
Descriptive analysis of the number of sites exhibiting complete wound healing (WH) at 
three weeks revealed improvements in Group 1(72%) vs. Group II (60%) and Group IIl 
(55%), indicating a trend toward improved healing, 

Following the completion of the GEM 21s clinical study, and at the suggestion of FDA, a 
comparison of the GEM 21s clinical results were made to the clinical outcome findings 
(‘meta-analysis’) as reported by the American Academy of Periodontology-sponsored 
“Workshop on Contemporary Science in Clinical Periodontics”. These results were 
reported in the December 2003 issue of the Annals of Periodontology. 

GEM 21s @-TCP+0.3mg/ml PDGF) was compared to the results of the two reported 
meta-analyses from Reynolds et al and Giannobile et al. The two assessments each 
compared the GEM 21s clinical results to a specific published meta-analyses and both 
assessments of GEM 21s were performed by the original lead authors of these 
publications. A copy of the report can be found in Section 16.1.12. 

In the first analysis, the historical clinical attachment level, probing depth, and linear bone 
fill were found to have a favorable comparison to the GEM 21s clinical results. The 
author concluded that GEM 21s demonstrated clinical effectiveness in the treatment of 
periodontal bone defects and was shown to provide favorable outcomes to the historical 
clinical measures used in the meta-analysis. 

An additional assessment examined the clinical effects of Emdogain compared to the 
clinical and radiological patient outcomes in current standards of care. The authors of 
this assessment concluded that GEM 21s is safe and effective and was likely to provide 
superior results in clinical applications where bone augmentation was warranted. Thus, 
in both meta-analyses, GEM 21s was found superior to the comparative treatments. 

To assess the cumulative beneficial effect for clinical and radiographic outcomes, a 
composite analysis was performed to determine the percent of patients with a successful 
outcome as defined by CAL 2 2.7rrun and LBG 2 l-lmm at six (6) months (Table 27). 

The confidential information in this document is provided to you as a Principal Investigator or consultant for review by you, your staff, and the 
applicable Institutional Review Board/Independent Ethics Committee. Your acceptance of this document’&nstitutes agreement that you will 

70 

not disclose the information contained herein to others without written authorization from the Sponsor, BioMimetic Pharmacxxticals, Inc. 



BioMimetic Pharmaceuticals PMA Clinical Study Report 
Protocol Number: BMPI-2001-01 March 8,2004 

The CAL and LBG benchmarks of success were established by the mean levels achieved 
for these parameters in the PMA approved devices as identified in the ‘Effectiveness 
Measures” section, above. The results showed that 61.7% of Group I patients and 37.9% 
of Group II patients met or exceeded the composite benchmark for success compared to 
30.4% of Group III patients, resulting in a statistically significant benefit of Group I vs. III 
(p<O.OOl), %BF revealed similar benefits for Group If70.0%) vs. III (44-6%) for p-value 
of 0.003. 

In summary, Group I achieved statistically beneficial results for CAL and GR at three (3) 
months as well as LBG and %BF at six (6) months, compared to the p-TCP alone active 
control group (Group III). The clinical significance of these results is further confirmed 
by comparison to historical controls. It is concluded that GEM 21STM was shown to 
achieve clinical and radiographic effectiveness between baseline and six months for the 
treatment of periodontal osseous defects. 

Table 27. Summary of Clinical and Radiographic Effectiveness of GEM 21Sm 

r Emdogain & 1.1 mm for 

*Statistically significant 

12. SAFETY EVALUATIONS 

12.1. Extent of Exposure 

The amount of the p-TCP used for each subject varied based on the area of the subject’s 
bone defect (range 25%-100%). In alf: PDGF treatment groups, 100% of the solution was 
dispensed onto the graft material and the exposed flap, as described in the protocof. 
Subjects were followed for six months post-surgery. The extent of exposure data for 
individual subjects is presented in Data Listing 16 (Appendix 16.2). 

No study teeth were lost following treatment with the investigational device. 
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12.2. Adverse Events 

PMA Clinical Study Report 
March 8,2004 

12.2.1, Brief Summary of Adverse Events 

In Group I, 44 subjects experienced 88 AEs; in Group II, 42 subjects experienced 93 AEs; 
and in Group III, 39 subjects experienced 89 AEs. The most frequentIy experienced 
adverse event for all treatment groups was pain at the surgical site, which was an 
expected sequeIae following the periodontal procedure employed for this trial. There 
were no differences in incidence of pain across the three treatment groups. 

No subjects discontinued from the study due to an adverse event (Statistical Table 14). 
For detailed information on treatment-related adverse events see Statistical Tables 13a-d, 
Appendix 16.1.9; Data Listing 19, Appendix 16.2. 

12.2.2. Display of Adverse Events 

Adverse events were collected throughout the study by patient inquiries during the 
scheduled patient visits. Table below summarizes the incidence of AEs. 

Table 28. Incidence of Adverse Events 

Adverse Event 
Number of Serious Adverse Events (SAEs) 
Number of Serious AE’s Found Related to the 
Treatment 
Number of Subjects With at Least One 

1 I 2 
0 (0.0%) 0 (0.0%) 0 (0.0%) 

7 (11.7%) 6 (9.8%) 5 (8.5%) 
Treatment-Related Adverse Event 
Number of Treatment Related Adverse Events 7 6 5 
Subjects Discontinued Due to Adverse Events 0 (0.0%) 0 (0.0%) 0 (0.0%) 

19 Ref.: Statistical Tables 13a, 13b and 14, Data Listing 

12.2.3. Analysis of Adverse events 

The most frequently experienced adverse event for all treatment groups was study site 
pain, followed by headache. Surgical site pain was coded using the COSTART 
dictionary, as “surgical site reaction”. There were no significant differences in adverse 
events across treatment groups. All surgicai site pain adverse events were resolved prior 
to the end of study participation- 

Table below summarizes all AEs with incidence 2 2%, by treatment group, Body System 
and Preferred Term. A listing of al1 AEs can be found in Data Listing 19 (Appendix 
16.2). 
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Table 29, Adverse Events by Treatment Group and Individual Subject 

3 f-4.9%\ I 3 (5.1%) 
i 

~ 

7 (11.9%) 
i 2 (3.4%) 

Periodontal abscess 
Stomach ulcer (0.0%) 1 
Surgical site reaction 
Tooth disorder 

t 0 
1 35 (58.3%) 1 3 
I 4 16.7%1 t ’ 

Musculoskeletal 
Tooth pain 

2 (3.4%) 
2 (3.3%) 0 (0.0%) 
15 (57.4%) 32 (54.2%) 
7 (11.5%) 1(1.7%) 
4 (6.6%) 4 (6.8%) 

12.2.3.1. Treatment-Related Adverse Events 

Table below presents the relationship of all AEs to the device by treatment group. 

Table 30. The Causal Relationship of AEs to the Device by Treatment Group 

Listing of Adverse Events by Subject 

A complete listing of AEs by subject can be found in Data Listing 19 (Appendix 16.2). 

Supplemental Analyses 

Analgesics use was collected throughout the study and an analysis was completed for 
analgesic use up to 14 days post-surgery. The analysis included all analgesics except 
those for pain prevention (i.e. taken prior to surgery) and non-dental pain. Results 
showed that Groups I and II had more subjects taking analgesics for mild pain than 
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subjects in Group III. However, in Groups I and II, fewer subjects took analgesics for 
moderate pain than subjects in Group III. There were no differences in the number of 
subjects who took analgesics, the total number of days analgesics were taken or the total 
number of analgesics taken (Statistical Table 18). 

12.3. Deaths, Other Serious Adverse Events, and Other Significant Adverse Events 

12.3.1. Listing of Deaths and Other Serious Adverse Events 

There were four SAEs that occurred during the study. None of these events were 
considered by the investigator to be study device related. SAE reports can be found in 
Appendix 16.23. 

12.3.2. Narratives of Serious Adverse Events: 

12.3.2-l. Group I (0.3mgkn.L rhPDGF-BB) 

a 40-year-old male, had undergone a back surgery in March 
2002, three months prior to entry into the study for herniated disc repair. The subject 
was randomized into the study on June 20,2002, underwent p,eriodontal surgery, and 
received the study device uneventfully. His postoperative follow-up showed continued 
progress through Week 12 and no study device related AEs were recorded. 

At the Week 18 visit, the subject informed the investigative site that his back surgery in 
March had not been successful and he had undergone a spinal fusion on October 15, 
2002. Resolution was noted as October 17,2002. This serious event of spinal fusion 
necessitating hospitalization, was considered by the investigator to be not related to the 
study device. 

12.3.2.2. Group IX (1.0 mg/mL rhPDGF-BB) 

a SO-year-old male, had a history of diabetes and was being 
treated with Avandia. The subject was randomized into the study on August 20,2002, 
underwent periodontal surgery, and received the study device uneventfully. He 
experienced postoperative study site pain (tooth #9), responded to analgesics and the 
event was not considered serious. Follow-up through Visit 10 showed continued 
progress and no study device related AEs were recorded. 

The subject missed Visit 11 because he had been admitted to the hospital on November 
22,2002 for complications of his diabetes causing internal bleeding (suspect drug was 
Avandia). His therapy was changed to metformin and the subject was discharged on 
November 26,2002. The internal bleeding was ultimately shown to be caused by a tear 
in the stomach necessitating hospitalization- Therefore, this serious event was 
considered by the investigator to be not related to the study device. 

12.3.2.3. Control Group - Group III 

, a 63-year-old female, had a history of hypertension and was on 
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treatment. She also had a history of sinusitis, ear infections and arthritis of the hands. 
The subject was randomized in the study OR October 25,2002, underwent periodontal 
surgery and received the study device uneventfully. Her postoperative follow-up 
showed progress and no study device related AEs were recorded. 

On a routine follow-up visit in late January 2003, the subject was hospitalized for 
bronchitis on December X7 and was discharged on December 19 and was taking follow- 
up medications until <the event was resolved on January l&2003. This serious adverse 
event was considered by the investigator to be not related to the study device. 

‘a 6I-year-old female, had seasonal allergies, loss of hearing in 
the left ear and a recent history of arthritis. The subject was randomized into the study 
on August 15,2002, underwent periodontal surgery, and received the study device 
uneventfully. Her postoperative follow-up showed continued progress. On November 
14,2002, a non-study device related allergic reaction to an allergy shot was reported. 
This event resolved the same day as on&t. At the subject’s final visit (Week 24), she 
notified the coordinator that on December 17,2002 a basal cell carcinoma on her left 
nasal ala had been diagnosed. Operative removal was performed on April 18,2003. 
This serious adverse event was considered by the investigator to be not related to the 
study device as the patient reported having a history of prolonged sun exposure. 

12.4. Clinical Laboratory Evaluation 

Not applicable 

12.5. Other Observations Related to Safety 

12.5-l. Concomitant Medications 

Concomitant medications taken by subjects throughout the study are presented in Data 
Listing 20.1 and 20.2 (Appendix 16.2). Subjects who needed non-drug 
treatments/procedures are presented in Data Listing 21 (Appendix 16.2). 

12.6. Safety Summary 

There were no statistically significant differences observed in the incidence of AEs (all 
causes) among the three treatment groups as summarized in table below. There was over 
80% power.to detect a 20% increase (70% for control vs. 90% for groups I and Il) using a 
one-sided hypothesis test with 5% type I error. 

Table 31. Summary of Incidence of Adverse Events 

In Group I, 73.3% of subjects experienced at least one (1) adverse event for a total of 88 
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AEs; in Group II, 68.9% subjects experienced 93 AEs; and in the active control group 
(Group no), 66.1% subjects experienced 89 AEs. The most frequently experienced AE for 
all treatment groups was pain at the surgical site, which was an expected sequelae following 
routine periodontal surgeries. 

Seven (7) subjects in Group I, six (6) subjects in Group 11 and five (5) subjects in Group III 
experienced AEs that were assessed by the investigator as likely or definitely related to the 
investigational product, none of which were considered serious (see below). 

Four (4) subjects experienced four (4) adverse events classified as “serious” (SAEs), none 
of which were directly attributable to the test product(s). These four SAEs were: one (1) 
subject in Group I (spine surgery requiring hospitalization), one (1) subject in Group II 
(stomach ulcer) and two (2) subjects in Group III (bronchitis and skin carcinoma). 

No subject discontinued participation in the study due to an adverse event. 

The safety analysis did not identify any increased risk for the test products. 

13. DISCUSSION AND OVERALL CONCLUSIONS 
GEM 21s is a bone regeneration system comprised of a wound healing agent and a 
biocompatible, osteoconductive, three (3) dimensional scaffold. In the present randomized, 
prospective, blinded, controlled clinical trial (RCT) involving 180 subjects studied at three (3) 
and six (6) months, post-surgery, GEM 215 was shown to be safe and effective. 

The study population consisted of clinical cases that were representative of those encountered 
during the course of periodontal therapy in private periodontal practices and academic settings to 
include smokers, patients with ‘severe’ defects (1 & 2 Wall) adjacent to single and multi-rooted 
teeth; i.e., furcations. 

The clinical study results demonstrated that GEM 21s provided for bone and soft tissue 
regeneration and that the benefits of the device, as shown by its clinical performance, outweighed 
any potential risks. Of particular importance, the data showed that the clinical performance of 
GEM 21s stimulated a faster gain in clinical attachment and gain in linear bone growth and 
percent bone fill. 

The following discussion provides for a summary review of the clinical data establishing safety, 
effectiveness and clinical performance characteristics of the device. 

GEM 21s is a two component kit composed of: 

1. P-TRICALCIUM PHOSPHATE@-TCP) 
p-TCP is a commercially available bone void augmenEation device, which serves as a 
biocompatible, osteoconductive scaffold. It isprovided in a sterile container and is 
marketed under the trade name “VitOss ” for orthopedic applications- 
Mode of Action: fi-TCP provides a biocompatible physical scaffold that is 
osteoconductive, stabilizes the blood clot> and prevents the collapse of scar tissue into the 
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2. 
bone void, thus facilitating new bone formation. 
RECOMBINANT HUMAN PLATELET DERIVED GROWTH FACTOR (rhPDGF) 
PDGF is a commercially available wound-healing agent, which serves to enhance the 
benefits of the p-TCP by promoting cellular ingrowth into the bone defect. PDGF is 
marketed as a cream for the treatment of dermal ulcers under the trade name “Regranex” 
and is produced by Chiron, Inc. under the chemical name of “Becaplermin”. 
Mode of Action: PDGF serves as an adjunct to enhancg PTCP ‘s physical and 
mechanical actions by promoting improved cellular in-growth and revascularization, 
stimulating new bone formation and healing of soft tissue, providing an optimal 
environment for periodontal regeneration. Thus, PDGF serves as an adjunct to the p 
TCP. 

A summary of the clinical study design and outcomes follows. 

13.1. Study Rationale and Hypothesis 

p-TCP and PDGF were previously considered to be safe and effective based on a long 
history of in vitro and in vivo studies in addition to the approved, commercial human uses 
for these components. Confirmatory in vitro and in vivo biocompatibility and effectiveness 
studies using the combined P-TCP and PDGF components (GEM 21s) resulted in the 
initiation of the current human study. 

Of importance, the GEM 21s preclinical data provided for histological confirmation of the 
regeneration of periodonta1 attachment apparatus including soft tissue (periodontal ligament 
or PDL) and hard tissue (alveolar bone, cementum). These in vivo data further provided for 
the rationale that the 0.3mg/ml concentration of PDGF (Group I) was the primary 
concentration to be used in the clinical efficacy assessment of GEM 21s. 

In order to demonstrate periodontal regeneration, it is necessary to provide supporting 
clinical, radiographic, and histologic evidence, per the 1996 Joint Symposium on Clinical 
Trial Design and Analysis in Periodontics sponsored by The American Academy of 
Periodontology (AAP), the American Dental Association (ADA), the American and 
International Associations for Dental Research (AADRIUDR), the National Institute for 
Dental and Craniofacial Research (NIDCR), with participation by the US Food and Drug 
Administration. As previously described, GEM 21s was shown histologically to regenerate 
PDL, bone and cementum in preclinical animal models. Further, a ‘proof of principle’ 
(human) chnical trial using allograft in conjunction with PDGF provided additional 
histologic and clinical evidence of periodontal regeneration. 

Thus, this investigation was designed to confirm the prior animal and human experience 
and provide the clinical data needed to assess the risk-benefit of GEM 215. Specifically, the 
hypothesis was that GEM 21SM promotes greater soft tissue and bone regeneration as 
measured by Clinical Attachment Level (CAL) and radiographic bone measurements than 
an osteoconductive scaffold alone (p-TCP) and historical controls. 
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13.2. Study Device (Treatment Groups) and Study Design 

The clinical study design called for a blinded, randomized, m&i-centered trial. The study 
employed three (3) treatment groups to assess safety and effectiveness: 

GROUP I: p-TCP + 0.3mg/mt. PDGF 
GROUP II: p-TCP + l.Omg/ml PDGF 
GROUP III: b-TCP + Buffer alone 

All three (3) treatment groups represented active experimental treatments as none of the 
treatment groups are currently cleared for market in periodontal apphcations. However, as 
previously described, p-TCP alone is currently marketed as a bone graft substitute for 
orthopedic applications and PDGF is currently marketed as a wound healing agent for 
topical applications in the management of non-healing (recalcitrant) dermal ulcers. 

In the present study, 11 centers enrolled subjects. Four (4) investigational sites were 
academic based centers and the remaining investigators were office-based practitioners. 

One (1) independent academic institute that did not enroll subjects was dedicated solely to 
the blinded (masked) radiographic assessment. 

A listing of the investigators and their center is identified in Table below. 
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Table 32. Site Summary Report 

10 M. Nevins Private 14 

11 D. Paquette Academic 15 

COM@NTS - 

All enrolled subjects completed 
the six (6) month follow-up visit. 
All but one (1) enrolled subject 
completed the six (6) month 
follow-up visit. 

All enrolled subjects completed 
the six (6) month follow-up visit. 

AH but one (1) enrolled subject 
completed the six (6) month 
follow-up visit. 
All enrolled subjects completed 
the six (6) month follow-up visit. 
All enrolled subjects completed 
the six (6) month follow-ur, visit. 

All enrolled subjects completed 
the six (6) month follow-up visit. 

All enrolkd subjects completed 
the six (6) month follow-up visit. 
All enrolled subjects completed 
the six (6) month follow-up visit. 
All enrolled subjects completed 
the six (6) month follow-up visit. 
All enrolled subjects completed 
the six (6) month follow-up visit. 

*Dr. Michael Reddy provided independent, blinded radiological assessments and did not enroll subjects. 

1 

1 

13.3. Statistical Design 

A separate, formal statistical plan was established that examined safety and effectiveness. 
The current statistical analytical plan, as provided for in this Clinical Study Report, has 
undergone review and approval by FDA pursuant to IDE GO10340 as amended and 
supplemented. Thus, the statistical analytical plan for the GEM 21s clinical study was 
approved by the FDA in IDE Go134O/SlO, approval dated Nov. 25,2003. Subsequently, 
the IRE was closed in a formal notification to FDA (Supplement no. 10) filed with FDA on 
Jan. 28,2004 and approved by FDA on that same date. 

In the statistical design, safety was first assessed after 3-month follow-up had been obtained 
on one-half (90) of the subjects. Radiographs were prospectively obtained and assessed for 
abnormal changes in the bony architecture at the treatment site. 

Safety and effectiveness data were examined and summarized by descriptive statistics. 
Categorical measurements were displayed as counts and percents, and continuous variables 
were displayed as means, medians, standard deviations and ranges. Statistical comparisons 
between the test product treatment groups (Groups 1 and II) and the control (Group III) were 
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made using Chi-Square or Fisher’s Exact tests for categorical variables, and t-tests or 
Analysis of Variance methods (ANOVA) for continuous variables. Analyses of covariance 

- (ANCOVA) methods were used to control for baseline covariates and to assess treatment- 
baseline interactions.. Comparisons between treatment groups for ordinal variables were 
made using Cochran-Mantel-Haenszel methods. A ~20.05 (one sided) was considered to be 
statistically significant for CAL, LBG and %BF. 

Descriptive statistics were presented for supplemental analyses. Exploratory subset 
analyses were also presented to confirm effectiveness and to allow comparisons to other 
approved products for this indication. 

Safety data were assessed by the frequency and severity of adverse events as evaluated 
clinically and radiographically. The statistical design utilized an ‘Intent to Treat’ analysis 
(ITT). The safety analysis included all randomized subjects. The effectiveness analysis 
included all subjects who were randomized and had at least one efficacy endpoint. 

Effectiveness was further based upon FDA guidance as well as the aforementioned 
standards published in the 1996 Joint Symposium on Clinical Trial Design and Analysis in 
Periodontics that included the following recommendation: 

“until more useful outcome variable become available, two priinary endpoints [should] 
be used in clinical trials: one which measures changes in clinical attachment levels and 
the other which measures the formation of new [bone] tissue.” 

13.3.1, Outcome Measures 

13.3.1.1. Clinical 

Direct measurements of Clinical Attachment Levels (CAL), Pocket Depth (PD) and 
Gingival Recession (GR). 

13.3.1.2. Radiographic 

A preliminary qualification radiographic analysis study was successfully completed to 
establish the accuracy and consistency of the radiographic method to be employed, and 
to validate the radiographic data. This analysis was performed using baseline, 3 and 6 
month radiographs. This study concluded that radiographic assessment could be 
accurately performed at six (6) months. 

13.3-2. Effectiveness Outcomes 

0 CLINICAL ATTACHMENT LEVEL (CAL) 
Change in CAL between baseline, 3-months and &months using a two-sample t- 
test comparing Group I to Group Ill and Group II to Group III. 

0 LINE+ BONE GROWTH (LBG) AMJD q BONE FQLL (%BF) 
Groups I & II were compared with Group III as well as Group II with Group III. 

0 CAL AREA UNDER THE CURVE (AUC) 
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The AUC was computed for the change in CAL between baseline and 6-months 
comparing Groups I and II to Group III. 

l POCKET DEP~CI REDUC~ON (PDR), GINGIVAL RECESSION (GR) & WOUND 
HEALING (WH) 
The change between baseline, 3-months and 6-months was calculated for all 
treatment groups. 

0 COMPOSITE ANALYSIS 
To assess the cumulative beneficial effect for clinical and radiographic outcomes, 
a composite analysis was performed to determine the percent of patients with a 
successful outcome as defined by change in CAL > 2.7mm and LBG 2 1. I mm at 
six (6) months and by CAL 2 2.7mm and %BF 2 14.1%. The CAL, LBG and 
%BF benchmarks of success were established by the mean levels achieved for 
these parameters in the PMA approved devices Emdogqin and PepGen P-15. 

* COMPARISON TO HISTORICAL BENCHMARKS USING 95% LOWER CONFJDENCE 
BOUND (LCB) 
4 The LCB was computed for the change in CAL between baseline and 6- 

months comparing Groups I and II to the reported CAL change for Emdogain. 
Cs The LCB was computed for the change in CAL between baseline and 6- 

months comparing Groups I and II to the reported CAL change for PepGen P- 
15 

0 The LCB was computed for %BF and LBG at 6 months for Group I compared 
to the published radiographic %BF (Parashis et al) and LBG (Persson et al) 
for DFDBA. 

The computation of the LCB outcome comparisons were made to the published 
(previously referenced) and established historical benchmarks per the following: 

* DEMINERALIZED EREEzE-DRTED BONE ALLOGRAFT (DFDBA) 
For LBG, a O.Smm comparison was used to substantiate effectiveness. For %BF, 
a 15% increase was used as a comparison to substantiate effectiveness. 

0 EMDOGAIN@ 
For CAL change, a 2.7mm comparison was used to substantiate effectiveness. 
For LBG and %BF, a 1.1 mm and X4.1 % comparison was used, respectively. 

l PEPGEN P- 15TM 
For CAL change, a 1.1 mm comparison was used to substantiate effectiveness. 

At the suggestion of FDA, and following completion of the clinical study, two additional 
analyses were performed. The first was a comparison of the GEM 21s clinical study 
results to the findings reported by the American Academy of Periodontology-sponsored 
“Workshop on Contemporary Science in Clinical Periodontics”. This Workshop reported on a 
meta-analysis of the literature and was published in the December, 2003 issue of the Ann& of 
Periodontology. The second analysis was an assessment of site and/or patient outcome 
effects on the CAL gain results. This FDA request was based on the observation that 
from the 12 weei time point to the 24 week assessment, there appeared to be a slight. (not 
statistically significant) decline in CAL gain for Group I from 3.8 mm to 3.7 mm. 
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Thus, the GEM 21s statistical plan provided for a comprehensive assessment of the 
device comparing PDGF to the non-PDGF treatment group, as well as to current 
treatments. 

13.4. Study Conduct 

The study was conducted in accordance with applicable US Food and Drug Administration 
(FDA) requirements under the Investigation Device Exemption (lDE) regulations and the 
standards described in the International Conference for Harmonization (ICH) for Good 
Clinical Practices (GCPs). Institutional Review Board (Ethical Committee) approval was 
obtained for all study centers and subject informed consent was obtained for each subject 
enrolled. 

The quality of the study data was ensured by use of an independent Contract Research 
Organization to promote and assure conformance with GCPs; the integrity of the data was 
ensured by a prospective data collection program in conformance with GCPs and FDA 
standards related to electronic data analysis (21 CFR Part 11); and the impartiality (lack of 
bias) of the study results was ensured by use of the following levels of blinding: 

a. The investigators and subjects were blinded to the treatments groups; 
b, The radiographic assessment was blinded to the treatment groups and was further 

performed by an investigator outside of the clinical investigator group (not involved 
in direct subject treatment); 

c, The sponsor and study monitors were blinded to the treatment groups with study 
monitoring performed by an independent Contract Research Organization (CRO). 

Each investigator was calibrated prior to study on-set and during the study by the use of a 
“gold-standard” examiner to calibrate the investigator and minimize intra- and inter- 
examiner variability. 

The study design allowed for up 15% attrition in the subject population. However, only two 
(2) of the 180 subjects enrolled in the study did not complete the six month follow-up. One 
subject was lost to follow-up and one subject refused to continue in the study, but returned 
at 6-months visit and agreed to have the visit 13 evaluations performed. As a result, study 
compliance was greater than 98%. Neither of these two (2) subjects discontinued study 
treatment due to any safety issues. 

Study monitoring was performed in accordance to documented procedures and there were 
no study violations specific to selection of subjects (inclusion and exclusion criteria); 
supply accountability; or unblinding, Further, there were no reported deviations (non- 
conformities) to the study protocol that resuhed in subject elimination. 

13.5. Study Outcome: Demographics 

The study subject population (demographics) was deemed equivalent for all treatment 
groups as no differences were found between treatment groups in age, gender or race. Other 
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baseline criteria including CAL,, PD, GR, medical/dental history, defect location were all 
equivalent. Post-surgical treatment procedures were also found equivalent with no 
differences found between treatment groups. 

13.6. Study Outcome: Safety 

As previously described, safety was assessed in a formal interim analysis after 3-months 
follow-up had been obtained on one-half of the subjects (90 subjects). The analyses of 
these 90 subjects found no evidence of safety concerns in that there were no significant 
differences in adverse events between treatment and control groups, nor were there any 
systemic adverse events in the PDGF treatment groups. 

The safety assessment of the final study results included the examination of adverse events, 
both serious or non-serious and related or unrelated, to the treatment groups. The study 
found no clinical differences in adverse events among the treatment groups. The 
assessment of radiographs found no untoward effects for any treatment group. Of the four 
(4) serious adverse events reported in the study, none were deemed related to the device per 
the following: 

* GROUP I (0.3 MG/= PDGF+ p-TCP) 
Spinal fusion surgery (hospitalization) 

l GROUP II (1 .O MG/ML PDGF-t- f3-TCP) 
Complications related to diabetes (hospitalization) 

l GROUP ICI (@-TCP ALONE) 
Bronchitis (hospitalization) and basal cell carcinoma (surgical removal) 

A summary of the safety information is illustrated in Table below. Treatment related 
adverse events included the surgical treatment and, as a result, the most common adverse 
event was pain. 
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Table 33. Adverse Events with 2 5% Incidence 

I 5 (8.3%) 3 (4.9%) 7 (11.9%) 

Ref,: Statistical Table 13c, Data Listing 19 
1 Includes Meeding, bruising, pain, swelling, and tenderness of the treatment site following surgery. 
sequelae from periodontal surgical grafting procedures. 
2 Includes disorders (e.g. sensitivity) at a location other than the surgical site. 
3 Includes pain unrelated to the surgical procedure and at a location other than the surgical site. 

All are expected 

The study conchtded that the use of P-TCP, with and without the adjunctive use of PDGF, is 
safe in periodontai procedures, and there were no serious or unanticipated adverse events 
attributable to the device. 

13.7. Study Outcome: Effectiveness 

GEM 21s demonstrated a statistically superior outcome for CAL at 12 weeks (3 months) 
compared to the active control of p-TCP. This is important because Group III, J%TCP 
alone, is an active treatment group as demonstrated in its use as an osteoconductive scaffold 
in the management of skeletal bone voids in orthopedic applications. 

13.7s. CAL 

The data from this study showed that GEM 21s decreased the time required to achieve a 
statistically significant gain in clinical attachment level, the primary clinical endpoint. 
That is, GEM 21s accelerated CAL gain versus the active p-TCP control. At 3 months 
post-surgery, the CAL gain for Group I attained the highest level of gain for any treatment 
group at any time point. Compared to Group III, the CAL gain for Group I, 3.8mm, was 
statistically significant (p=OB41). This improved speed in CAL gain is believed to 
benefit patient management by providing for a shorter post-surgical healing period 
resuhing in earlier restorative care. The summary data are presented in Figure 4 below. 
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Figure 4. CAL Gain at 3 and 6 Months 

Figure.4. CAL gain at 3 and 6 months. A statistically+&nifIcant difference was observed at tlu 
compared to Group III (p=O.O41). 

.ee n for ( ?roi UP I 

The importance of this finding was further substantiated through the comparisons of the 
GEM 2 1 S clinical results to those clinical results reported in the market approval 
summaries as issued by the FDA for Emdogain, PepGen P-15 and, by reference, DFDBA 
(Figure 5) These clinical benefits were observed in an at-risk patient population that 
included smokers, teeth with furcation involvement and ‘severe’ periodontal defects in 
treatment settings representative of both private and academic centers. 
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Figure 5. GEM 21STM VS. Current Therapies 
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be;lchmarks of success for approved*treatments of Emdogain, PepGenP- 15, and kllograft. The mean for the 
Emdogain data was obtained from three studies submitted in PMA 93002 1 with simifar study endpoints and defect 
classifications: A=PMA Study no. 3 (Zetterstrom et al, 1997); B=PMA Study no. 5 (Unpublished); G=PMA Study 
no. 6 (Heijl et al, 1997). Pepgen P- 15 mean was obtained from a single PMA study (PMA 990033; study no. 1) with 
similar study endpoints and defect classifications. 

The area under the curve analysis (AUC) represents the cumulative effect of CAL gain 
between baseline and six months. The AUC measurements for CAL Gain are presented 
in figure below. The Group I attained the highest level for any treatment group 
(p=O.O54). These data suggest that the cumulative effect of GEM 2 1 S, particularly in 
Group I, has a beneficial effect on the speed at which maximum clinical attachment level 
is achieved. 
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AUC for CAL Gain Between Groups I, II, and III (Same as Figure 3) 

1 - ,,...’ ,;, ,’ rq -f- -4 1 - __ _______---- ----- , : Al ,,‘.,J :* ..’ ,. ,.,- Jj’ ,L/’ “1 
.YP 

AUC for CAL gain. The area under the curve (AUC) analysis represents the gain in CAL between baseline and three 
and six months. Group I attained the highest level oftbe three treatment group (~~0.054) demonstrating the 
beneficial effect fkom baseline to six months. 

The operating performance criteria (OPC) concept has been used by FDA CDRH for the 
assessment of new cardiovascular devices relative to established devices. The OPC 
corresponds to the effectiveness labeling for the established devices; this case, it is 
DFDBA, Emdogain, and PepGen P-l 5. These OPC thresholds were tested using 95% 
Lower Confidence Bound (LCB) computations in CAL Gain and are presented in Figure 
6 below. These results allow comparisons between the PDGF treatment groups vs. 
Emdogain and PepGen P-l 5, where Group I had a 3.3 mm gain vs. Emdogain of 2.7 mm 
and PepGen P-15 of 1.1 mm. 
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Figure 6.95% Lower Confidence Bound Analysis 
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Figure 6.95% lower confidence bound analysis. The LCB for the three GEM 21 Streatment groups der 
greater CAL gain; and further substantiates the effectiveness compared to historical benchmarks of effe 
The mean for the Emdogain data was obtained from three studies submitted in PK$A 93002 1 with simil 
endpoints and defect classifications: A=PMA Study no. 3 (Zetterstrom et al, 1997); B=PMA Study no. 
(Unpublished); C=PMA Study no. 6 (Heijl et al, 1997). Pepgen P-IS mean was obtained from a single 
(PMA 990033; study no. 1) with similar study endpoints and defect classifications. 
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Thus, the clinical importance of this beneficial effect on CAL gain was substantiated by 
GEM 2 1 S exceeding the historical benchmarks of effectiveness. 

Additional Statistical Analyses 

The CAL gain results depicted in Figure 4 show that the gain in CAL for Group I at 3 
months was 3.8 mm and at 6 months 3.7 mm. At the suggestion of FDA, an analysis was 
performed to determine if an individual center or individual patient contributed to this 
apparent slight decline in the CAL gain values from 3 months (3.8 mm) to the 6 months 
(3.7 mm). 

An assessment of patient enrollment indicated that a single patient at site number 9 
(patient 09-21) was an outlier in the database where the absolute value of CAL gain 
declined fi-om 3 to 6 months. This patient- was enrolled in Group I (0.3 mg/ml). An 
assessment of this patient’s radiographs was performed. It was noted that the radiograph 
for this patient at the time of surgery indicated an untreated acute apical infection at the 
surgical site. The use of GEM 2 1 S in an untreated acute infection at the surgical site is a 
contraindication for the device. Thus, the rationale for this outlier analysis is justified on 
the basis of the radiographic evidence. 
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The revised CAL gain for Group 1 between surgery and 12. weeks is shown in the table 
below. The results have been computed to two decimal points to better illustrate the 
effects of the revision. 

Table 34 clearly shows that the exclusion of the single outlier patient improves the 
superiority assessment. The CAL gain has improved from 3.78 mm to 3.81. Importantly, 
the p value of Group I[ vs. Group III has been improved from 0,041 to 0.032, both or 
which are statistically significant. 

Table 34. Adjusted CAL Gain for Group I Between Surgery and 12 Weeks 

Ref.: Statistical Tables Ilb2 and llb2a 

+ vs. Group III (Not covariate-adjusted) 
* Statistically significant 

A similar improvement can be seen in the 24 week results, below. In the following table, 
the original CAL gain of 3.73 mm has been revised upward to 3.83 mm, indicating that 
the CAL gain has, in fact, improved from the 12 week time point. 

Adjusted CAL Gain for Group I Between Surgery and 24 Weeks (Same as Table 9) 

Ref.: Statistical Tables llbl and llbla 

+ vs. Group III 

At 24 weeks, the original assessment appeared to indicate that the change in CAL for 
Group between 12 and 24 weeks had declined from 3.8 mm to 3.7 mm. In contrast, the 
reanalysis of the data with the exclusion of a single patient with an acute infection 
indicates a slight improvement in CAL between 12 and 24 weeks. In all cases, Group I 
continued to be improved compared to Group III. 

A similar effect was seen by removing the entire site from the analysis as shown in the 
table below. By excluding Site 09, the CAL gain at 24 weeks has been revised from 3.73 
mm (original analysis) to 3.85 mm. Further, this revision shows an improvement in GAL 
gain from 12 weeks (3.78 mm> to 24 weeks (3.85 mm). 
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Table 35. Adjusted CAL Gain for Group I Between Surgery and 24 Weeks 

Ref.: Statistica Tables llbl and llblb 
i vs. Group III 

13.7.1.1. Summary Conclusions for CAL 

The ability of GEM 21s (Group I) to stimuIate gain in CAL between baseline and 6 
months is supported by the entirety of the clinical outcomes. The durability of the 
improvements CAL gain is shown by the early benefits in CAL improvement, the speed 
of CAL gain as provided in the AUC analyses and the 95% LCB data as compared to 
the historical benchmarks. Further, these findings are a ‘worst case’ assessment in that 
these data represent an intent to treat analysis that did not take into consideration the 
post-study report findings related to patient the single patient outlier from the Group I 
that would have, otherwise, improved the results ,of Group I. Table 36 presents the 
summary of notable CAL data for GEM 21s. 

Table 36. Summary of CAL Data 

24 Weeks Post-Surge:ery 
Mean f SE 
P-value (one-side> two-sample t-test) 

N = 60 N=59 N=SS 
3.7kO.2 3.7H.2 3.5ti.2 
0.200 0.287 N/A 

Area Under the Curve .(AUC) 
Mean f: SE 
P-value (one-sided two-sample t-test) 

N=60 N=60 I N=59 
67.5k3.2 61.822.9 60.1k3.2 

0.054 0,350 N/A 

95% Lpwer Confidence Bound 
Mean 
(Emdogain=2.7; PepGen P-15=1.1) 

I N=60 
3.3 

(vs. 2.7 & 1.1) 

*Statistically significant (pSO.05) 

The confidential information in this document is provided to you as a Principal investigator or consuJtant for review by you, your staff, and the 
applicable Institutional Review Boardltndependent Ethics Committee. Your acceptance of this document constitutes agreement that you will 

90 

not disclose the information contained herein to others without written authorization from the Sponsor, BidMimetic Pharmaceuticals, Inc. 



BioMimetic Pharmaceuticals 
Protocol Number: BMPI-2001-01 

13.7.1.2. Wound Healing (Soft Tissue) 

PMA Clinical Study Report 
March 8,2004 

Results of this study showed an increase in the rate of healing for GEM 21s (Group I). 
Accelerating the rate of healing for periodontal defects is believed to improve subject 
outcome. Faster healing may allow the subject to go on to additional treatments in a 
more timely fashion, facilitating the clinical management of the subject. In addition, 
faster healing has the potential to minimize possible adverse outcomes such as infection 
or tissue collapse as a result of filling the defect and healing the wound more rapidly. 

13.7.2, Radiographic Endpoint 

The study employed a blinded, radiographic measurement of linear bone growth as an 
assessment for bone regeneration. Radiographic bone gain is reported as the linear 
measurement and as the percentage of the initial bone defect that was filled with new 
bone. 

As previously described, historical scientific data has shown that three (3) months does 
not provide sufficient time post-surgery to accurately determine the amount of new bone 
formation radiographically. These historically established limitations are the result of the 
inability to accurately visualize new bone on radiographs. Thus, a qualification study was 
performed using the baseline and six (6) months radiographs that concluded that 
radiographic assessment can be accurately performed at six (6) months. 

The results from the final six (6) month radiographic assessment on 174 subjects showed 
that GEM 21s significantly improves bone regeneration. The magnitude of this 
radiographic improvement at 24 weeks (6 months) was pronounced: 

* The mean LBG for Group I was 2.52 mm vs. Group III was 0.89 mm, pcO.001 
0 The mean LBG improvement for Group I to Group II was 2.52 mm to 1.53 mm, 

respectively, p=O.O02 
* The mean LBG improvement for Group II to Group III was 1.53 to 0.89, p=O.O21 
* The 95% LCB for LBG in Group I vs. Group III was 2.02 to 0.43, respectively. 

The LBG summary data are presented in Figure 7 below. 
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Figure 7. Linear Bone Growth 
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Figure7. Linear bone growth. S&t PDGF treatment groups demonstrated a signi& 
I: Z.Smm, p<O.OOi; Group XI: 1 Smm, ~~0.02 1) compared to Group III: 0.9mm. 

ant improvement in LBG (Grc )UP 

The benefit found in the LBG results (above) was also present in the percent bone fill 
(%BF) results that found similar bone regenerative effects for the GEM 2 1 S group. 

0 The mean %BF for Group I was 56.0% vs. Group III which was 17.9%, p4.001 
* The mean %BF for Group I was 56.0% vs. Group II which was 33.9%, p=O.OOZ 
l The mean %BF for Group II was 33.9% vs. Group III which was 17.9%, ~~0.019 
* The 95% LCB for %BF in Group I vs. Group III was 44.0% and 5.0%, 

respectively. 

The percent bone fill summary data and 95% LCB for %BF are presented in Figures 8 
and 9 below. 
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Figure 8. Percent Bone Fill. % bone fill results were donsistent with &radiographic rest 
Figure 7 (LBG above). At week 24 post-surgery, statistically significant differences were 
comparisons for Groups I (56%; p~O.001) and II (34%; p=O.O19) compared to Group III t 
statisticahy significant difference was observed between Groups I and II (p=O.O02). 

Figure 9. Percent Bone Fill: GEM 21s vs. Current Therapies 

Figure 9. Comparison ‘of radiographiC % bone fill to cwrent therapies. The comparison of ‘% bone fill as evaluated 
radiographically for GEM 2 1 S and other currentb available therapies including Emdogain (6-8 months post-op), 
allografl(12 months post-op), and surgery alone (6-8 months post-op). The mean for the 1 3mdogain data was obtained 
from three studies submitted in PMA 93002 1 with similar study endpoints and defect class ;ifications: A=PMA Study 
no. 3 (Zetterstrom et al, 1997); B=PMA Study no. 5 (Unpublished); C=PMA Study no. 6 ( :HeijI et al, 1997). 
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GEM 2 I S  was shown to provide improved new bone formatisn in comparison to 
historical benchmarks and the active P-TCP treatment group. Comparing the 
radiographic outcomes for the GEM 215 treatment group to historical benchmarks, Group 
I had a bone fill of 56% with a 95%LCB of 44% vs. the reported benefit of DFDBA of 
15% as described in Parashis et aI (op. cit.). 

Figure 10.95% LCB Analysis for %BF 

Figure 10 demonstrates the 95% lower confidence intervals for GEM 2 1 S, aliowing 
comparison to be made to marketed treatments such as allograft, which is the most \ 
periodontal surgeries. The LCB for GEM 2 1 S demonstrates greater %  bone fill con 
2000). 

a statisticalry meaninghI 
tidely used grafting mate1 
Ipared to allog& (Parash 
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A standard stratification of the %BF data was petiormed examining the distribution of 
outcomes. A  tabular presentation of that data follows. 
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Percent Bone FiII Cumulative Distribution (Same as Figure 2) 

-260 -200 -160 -100 -60 0 60 100 160 200 260 SO0 

Percent Bone Fill rf%) 
p-value ffom two-sample Wilcoxon Rank Sum test are <O.OOOl and 0.03 17 respectively for 0.3 mg/mL and 1 .O 
mg.mL vs. Buffer (program: Radiograph-BF-cv.sas) 

The beneficial effects of GEM 2 IS were observed in all types of defects, including l-3 
wall and circumferential. These results address an unmet clinical need in that GEM 2 1 S 
provided a clear benefit even in the most severe cases where /LTCP alone was 
ineffective. Thus, GEM 2 1 S provided a more predictable treatment option for all types of 
defects than the active p-TCP control. 
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Figure 11. Percent Bone Fill: l-2 Wall vs. 3 WaH Defects 
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Figure 1 I. Percent bone fill: 1-2 w&i1 vs. 3 w&l defeck The be&&I effects ofGEM 21s were obsc 
types of defects, including t-3 wall and circumferentia1. These results address an unmc ?t clil nical need 
2 1 S provided a clear benefit even in the most severe cases where &TCP alone was inei Ye&i ve. 
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13.7.3. Composite Analysis of Clinical and Radiographic l$ndpoints 
To assess the cumulative beneficial effect for clinical and radiographic outcomes, a 
composite analysis was performed to determine the percent of patients with a successtil 
outcome as defined by CAL 2 2.7rnm, LBG 2 1. lmm, and %BF > 14.1% at six (6) 
months. The CAL and LBG benchmarks of success were established by the mean levels 
achieved for these parameters in the PMA approved devices asidentified in the 
‘Effectiveness Measurements” section of the synopsis. 

The percentage of subjects achieving a significant benefit, as defined above, is 
summarized below: 

* The comparison of clinical and radiographic success (LBG) for Group I and 
Group III were 61.7% and 30.4%, respectively, p<O.OOl 

* The comparison of clinical and radiographic success (LBG) for Group II and 
Group III were 37.9% and 30.4%, respectively, ~~0.197 

l The comparison of clinical and radiographic success (%BF) for Group I and 
Group III were 70.0% and 44.6%, respectively, p= 0.003 

e The comparison of clinical and radiographic success for Group II and Group III 
were 55.2% and 44.6%, respectively, p= 0.130 

The effectiveness outcome measures, as shown in the clinical and statistical results above, 
provide a persuasive and powerful record on the benefits of GEM 2 1 S in regeneration of 
both soft and hard tissue in periodontal defects. 
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13.8. Conclusion 

GEM 21STM was shown to be safe and effective in the restoration of alveolar bone and 
clinical attachment around teeth with moderate to advanced periodontitis in a large, 
randomized clinical trial involving 180 subjects studied for up to 6 months. These 
conclusion$ are based upon validated radiographic and clinical measurements. 

The data quality in this randomized, controlled clinical study was assured through: 1) the 
use of an independent CR0 which monitored the study in accordance with GCPs; 2) the use 
of intra- and inter- investigator calibrations; and by, 3) complete blinding of all study 
personnel for the duration of the trial. Moreover, the kappa analysis demonstrated a high 
degree of rliability (0.96 intra-examiner reproducibility and 0.89 inter-examiner 
consistency). 

Consistent with the GEM 21s biocompatibility data and the historical safe use of each 
individual component, the study revealed no evidence of either local or systemic adverse 
effects. There were no adverse outcomes attributable to the study device and the device was 
found to be safe. 

GEM 21s was found to be an effective treatment for the restoration of soft tissue 
attachment level and bone as shown by: 

0 Significantly improved CAL at 3 months compared to the active control, a 
finding that was supported by the AUC analysis that showed an improvement 
in CAL gain between baseline and six months. 

0 Significantly improved LBG and %BF compared to the p-TCP alone active 
control at six months. 

l Significantly improved clinical outcomes as shown by the composite analysis 
of both soft and hard tissue measurements compared to the p-TCP alone active 
control at six months. 

* Exceeding established benchmarks of both clinical and radiographic 
effectiveness. 

The results of this trial together with extensive and confirmatory data from in vitro, animal 
and human studies demonstrate that GEM 21s stimulates soft and hard tissue regeneration 
in periodontal defects. 

As a fully synthetic product, the risk-to-benefit assessment, establishes the GEM, 21s device 
to have a sound and compelling clinically beneficial effect as measured by standard and 
accepted outcomes with minimal or no risks. 

In summary, GEM 21 S (Group I) achieved statistically beneficial results for CAL and CR at 
three (3) months as well as LBG and %BF at six (6) months, compared to the p-TCP alone 
active control group (Group III)- The durability of these results was confirmed by the AUC 
and composite analyses. The clinical significance of these results, was further confirmed by 
a systematic comparison to historica controls using a formal statistical comparisons to 
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established benchmarks as well as by independent investigators using a meta-analysis 
approach, It is concluded that GEM 2157 was shown to achieve clinical and radiographic 
effectiveness by six months for the treatment of periodontal osseous defects. . 

Following the completion of the GEM 215 clinical study, and at the suggestion of FDA, a 
comparison of the GEM 21s clinical results were made to the clinical outcome findings 
(‘meta-analysis’) as reported by the American Academy of Periodontology-sponsored 
“Workshop on,Contemporary Science in Clinical Periodontics”. These results were 
reported in the December, 2003 issue of the Annals of Periodontology. 

GEM 21s (P-TCP+O.3mg/ml PDGF) was compared to the results of the two reported meta- 
analyses from Reynolds et al and Giannobile et al. Both assessments confirmed the safety 
and effectiveness of GEM 21s and demonstrated the superiority of GEM 21s to historical 
clinical standards of care. 

The Table below summarizes the key outcomes from the GEM 21 S clinical trial- The 
outcomes demonstrate the effectiveness of GEM 21STM based upon radiographic and 
clinical endpoints‘ In addition, these outcomes demonstrate an improvement in hard and 
soft tissue outcomes compared to p-TCP alone and approved therapies for the similar 
indications between surgery and six months post-surgery. 

Summary of GEM 21s Effectiveness (same as Table 27) 

*Statistically significant 

The risk benefit assessment, thus, shows that the GEM 21s device to have a sound and 
compelling clinically beneficial effect as measured by standard and accepted outcomes with 
minimal or no risks. 
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Comparison of the Effectiveness of GEM 21STM with Other Bone Replacement Grafts for 

the Treatment of Periodontal lntraosseous Defects 

Mark A. Reynolds 

Abstract 

The purpose of this review was to compare the results of a randomized, double-bfind, 

controlled, parallel-arm, human clinical trial (Pre-PMA Clinical Study Report Protocol Number: 

BMPI--2001-01) evaluating the effectiveness of GEM 21s” with published outcome data from 

other randomized controlled studies examining bone replacement grafts in the treatment of 

periodontal bone defects. A recent systematic review, sponsored as part of a workshop by the 

American Academy of Periodontology, provided comparative studies on outcome measures of 

effectiveness for bone replacement grafts (‘historical benchmarks’) in the treatment of 

periodontal osseous defects.’ In the present study, comparable gains in clinical attachment 

level {CAL), the primary outcome measure, were found for Group I (GEM 21S’*, 0.3 mg/mf 

PDGF) and Group III (f3-TCP alone) at 8 months post-surgery. Modest but significantly greater 

gains in CAL were found for Group I than for Group II1 at 3 months post-surgery, consistent with 

the potential for GEM 21SVM (0.3 mg/ml PDGF) to accelerate wound healing. Similar reductions 

in mean probing depth also were found for GEM 21s”’ and f3TCP alone (4.4 mm versus 4.2 mm, 

respectively). In contrast, when comparing linear bone growth, a highly significantly greater 

increase in linear bone fill was documented for GEM 21s” (f3TCP + 0.3 mg/mf PDGF) 

compared to f3TCP alone (2.5 mm versus 0.9 mm, respectively). Corresponding differences in 

the percent defect fill paralleled those for linear bone fflf between GEM 21 S’” (f3TCP + 0.3 mg/mf 

PDGF) and f3TCP alone (Group Hi) at 6 months post-surgery (56% versus 18%, respectively). 

These documented changes in clinical parameters, including gains in CAL, reductions in PD, 

and gains in linear bone fill, compare favorably with historical benchmarks for other bone 

replacement grafts at 6 months post-surgery, as described in the recent meta-analysis.’ 
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1 Study Design 

The study reviewed herein was a double-blind, controlled. prospective, randomized, 

parallel designed, multi-center clinical trial in adult subjects with advanced periodontal disease 

requiring surgical treatment of at least one intra-osseous, defect (Pre-PMA Clinical Study Report 

Protocol Number: BMPI--2001-01). Clnical criteria for inctusion included an intra-osseous 

defect characterized by an initial probing pocket depth (PO) of 7 mm or greater and a 4 mm or 

greater vertical bone defect. A total of 180 subjects were randomized in equal proportions to 

three (3) treatment groups. Intra-osseous defects were grafted with p-TCP hydrated with buffer 

solution alone (Group 111). 0.3 mg/ml rhPDGF-BB (Group I), or 1.0 mglml rhPDGF-BB (Group II). 

The primary effectiveness measurement was assessed as the relative change in CAL between 

baseline and 6 months post-surgery in Group I and Group lit. Secondary effectiveness 

measurements included, among others, linear bone growth, probing pocket depth reduction, 

and gingival recession. Comparisons also were made to historical ‘benchmarks’ of 

effectiveness at 6 months post-surgery, including the 95% lower confidence bound for change 

between CAL and baseline for Group I (GEM 21s TM, 0.3 mgiml PDGF) and Group III (P-TCP 

alone) compared to Emdogair? (Emdogaine-PMA P930021, 1996); and PepGen P-?STM 

(PepGen P-l STM-PMA P990033, 1999). 

The outcome measures of efficacy in this clinical trial were considered with respect to 

historical benchmarks for other bone replacement grafts, as summarized in a recent systemic 

review on the efficacy of bone replacement grafts in the treatment of periodontal osseous 

.defects.’ Similar conclusions were reported in an earlier evidence-based review.* 
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Results 

Ciinical and Radiographic ’ 

A comparison of baseline parameters revealed no statisticatly~ significant differences 

between treatment groups with respect to gender distribution, mean age; smoking status, mean 

probing depth, and defect class distribution. With respect to the primary outcome measure, 

comparable gains in CAL (s 3.6 mm) were found for Group I (0.3 mg/mt PDGF) and Group III 

(p-TCP alone) at 6 months post-surgery. However, at 3 months post-surgery, a significantly 

greater gain in CAL was found for Group 1 compared to Group 111 (3.8 mm versus 3.3 mm, 

respectively). Similar reductions in PD also were found for Group. I and Group III (4.4 mm 

versus 4.2 mm, respectively). A comparison of linear bone growth, tiowever, revealed a 

significantly greater increase in ‘bone fill’ for Group I than Group tti (2,.5 mm versus 0.9 mm, 

respectively). Parallel differences were found in percent defect fill between GEM 21s” (PTCP 

+ 0.3 mg/ml PDGF) and TCP alone groups at 6 months post-surgery (56% versus q8%, 

respectively). 

The absence of an open flap debridement treatment group in this study precludes direct 

comparisons to historical benchmarks of gains in CAL relative to a non-grafted control, as 

depicted in Figure 6 from the published meta-analysis.’ Nonetheless, the documented 

improvem&ts in CAL in this study exceed reported changes in thjs outcome measure for other 

graft materials (Table 1). Similar reductions in PD (z 4.3 mm) were achieved for Groups I and 

I II at 6 months post-surgery, and the magnitude of these improvements also exceed those 

changes reported for other graft materials (Table 1). Baseline differences in patient- and defect- 

related characteristics, such as PO and CAL, may explain the larger gains in CAL and 

reductions in PD observed in this study compared to historical benchmarks. The comparable 6- 

month gains in CAL obtained in Group I and Group II1 underscore the utility of pTCP as a graft 

material. Of particular interest, however, was the finding of significantly greater gains in CAL for 
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Group I compared to Group 111 at 3 months post-surgery. Although the magnitude of the 

difference in gains in CAL were modest, the interpretation that GEM 21STU @TCP + 0.3 mg/mf 

PDGF) may support accelerated wound healing is reasonable and consistent with other 

experimental models. 

The secondary effectiveness measurements in the study are particularly important with 

respect to evaluating clinical endpoints of regenerative therapy. That comparable gains in CAL 

were achieved in each treatment .arm at 6 months post-surgery is consistent with appropriate 

surgical management and effective plaque control during post-operative healing period.. 

Therefore, increases in CAL would not be necessarily concordant with other clinical and 

histological outcome measures of periodontal regeneration. In the presence of excettent ptaque 

control, substantial gains in CAL have been well documented following surgical access and 

debridement aione,3*4 although such gains are generally attributable to repair rather than 

regeneration.5-8 Therefore, assessment’ of hard tissue change represents an important outcome 

measure with which to evaluate defect repair. In the present study, a mean increase of 2.5 mm 

in linear bone fill was observed fotiowing treatment with GEM 215”” (Group I) compared to 0.9 

mm increase with TCP alone (Group III). The linear increase in defect fill for Group 1 compares 

favorably with other graft materials (Table I), and exceeds ciinicalty documented gains in hard 

tissue fill for several graft materials, including allogenic bone. Of note is that radiographic 

assessments of linear bone growth, as in this study, typically underestimate corresponding 

clinical evaluations of bone filLQ Similarly, the percent bone fill determined radiographically for 

Group I (56%) is comparable to hard tissue gains assessed clinically for allogenic bone (z 60%). 

10 

Adverse Events 

Safety was assessed in the study by the frequency and severity of adverse events. The 

most frequently experienced adverse event (AE) in the study was pain secondary to the surgical 
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procedure, independent of treatment group. The study documented no post-surgical loss of 

graft material, which represents the most common untoward event reported in clinical trials 

examining other graft materials has been partial loss (‘exfoliation’) of graft particles 

postoperatively.’ 

Summary 

The results of this randomized, double-blind, controlled, parallel-arm, human clinical trial 

(Pre-PMA Cfinical Study Report Protocol Number: BMW-2001-01) demonstrate the clinical 

effectiveness of GEM 21STM (fYFCP + 0.3 mgJml PDGF) in the treatment of periodontal bone 

defects. The magnitude of changes in clhicaf parameters, including CAL, PD, and linear bone 

fill, compare favorably with historical benchmarks of efficacy for other bone replacement grafts’ 

in the treatment of intra-osseous periodontal defects. 

Mark A. Reynolds, D.D.S., Ph.D. 
Associate Professor and Director, 
Postgraduate Program in Periodontics 

-. 
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i OFD I 

AUT fir--r) 

2.18 f 1.42 
2.19 f 1.22 

I G I GO 73 
ClrlT L.,“J. I.“* , 
COR 1 4 2.33 f 1.38 ( 4.33 2 I.L3 I _ 
GLA { 4 2.31 zk 1.78 4 ( 3.37 f- 1.76 1 2.56 f 1.01 8.4 I, 

I I I I 1 8 months post- 

i Emdo.aain@ 2.67 I 3 j 3.68 ) 3 I 1.10* 7.6 1 8.7 I surgery I 
rqxrerr I-’ IJ 11 I ,. l” I i -.- / 

l GE&I 21s’ 11 ; 1 3.7 f 0.2 -- -- I I 4 1 I 4 4 f 0.2 1 
[ 6TCP 11 1 ) 3,5f.o.2 1 1 1 

NC&. N = Number of studies. Summary statistics for OFD, ALL, AUT, CER, COR, and GLA were derived from randomized controlled 
trials in a recent systematic review.’ ’ Corresponding reference means for Emdogarn @  and PepGen P-15’” were obtained from 
Emdogain*-PMA P930021, 1996, and PepGen P-15 ‘“-PMA P990033, 1999, respectively. 
ALL = Altografts; AUT = Autogenous; CER = Calcium-phosphate (hydroxyapatite) ceramics: COR = Coralline catcium carbonate; GlA = 
Bioactive glass 
‘Hard tissue measurements by radiographic assessment 
t (PTCP + 0.3 mg/ml PDGF) 
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SCHOOL OF DENTWRY ANN ARBOR, MLCHIGAN 48109-1075 

March 4,2004 

Mr. Mark Citron 
Vice President, Regulatory Affairs & Qn@ity Systems 
BioMetric Pharmaceuticals 
330 Mallory Station, Suite A- 1 
Frank&TN 37067 

Dear Mr. Citron, 

of GEM 21P to Emdogain@ in the 
aring the. results of the BioMimetic 

oned study that was a randomized, double- 

Protocol Number: B 
published outcome 
prepared in response to your 
clinical trial with those of 
on the efficacy of bone replacement 
(AM& of Periodontolo 

clinical tial (Pre-PMA Clinical Study Report 
ng the effectiveness of GEM 21STM with 
es examining Emdogainoy. This report was 

e FDA to compare the results of GEM 2 1 SEM 
the recent systematic review (meta-andlysis) 

in the treatment of periodontal osseous defects 

As summarized in the attached report, U/e magnitude of changes ti the clinical parameters 
‘for GEM 21 Sm (&TCP -t 0.3mg/ml PDGF), including clinicai attachment level, probing 
depth, and linear bone fill, compared fa’ orably with historical benchmarks of efXicacy for 

c&l Emdo@in@ in the treatment of period 1 intra-osseous defects. 

Please feel free to contact me at (734) 47-5936 should you have questions. 

Sincerely yours, 

W iiliam V. Giaunobile, D.D.S., D> 
-William K. Bt Mary Anne NaBar Professor 
Director, Clinicd Research Center, Schooi of Dentistry 
Associate Professor of Dentistry & Biomedical Engineering 
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This report provides an ‘assessment of the. clinkal resuhs found in the BioMimetic 

Ph~~~~~~euticaIs, Inc. supported and FDA-sanctioned.hum~.cIinical t&l entitled “A 

randor&t.ed, &ubleYbhnd, controlled, pamllet-arm, pivotal human clinical ti to evaluate 

the safety and effectiveness of GEM 21& fbet&rkakiumphosphate plus 0.3 mg/mI . . 
recombinant human plateletderived growth fktor-Ek (&PI@?-BB)] for the treatment of 

perbdo~tal bone defau$“‘as compared to a systcmatic.kevi& ‘af enamel ma&ix derivative 

(Eindo@ri@) f th or e treafromi of pg%dontal d.i~&~~ $4 compa.rison of the GEM 215 
I 1 ,- 

cljnicai Study iesuhs to the FDA-,apptoved product Emdogain@ is, based on an 

irit.erpr&ation of the findings reported the @neri&m Academy’ of Petiodontology- 
sponsored workshop on Contemporary Science in Ghnical Periodor.&& w&h was. 

reported in the 2003 isshe of the Annals of Periodontolqy.t 

The results cited in the BioMimetic study report based on 6-month data for G&4 

21s were compared to the studies reported 4x1 a systemati,c review (“meta-analysis’>- that 

evaiuated the clinical results of lEmglogain@ to open flap debridement over an obsenration 

interval of 8-12 months. Comparisons of 8, month data of Emdog@@ versus GEM21STM 

. 

z 

(see Table 1) suggests that GEM 21s is comparable, or more benefici+l, compared to 

Emdogain@ titb respect t6 CAL gai+ pata presented for radiographic bone changes 

suggest suptioi rmpoties id linear bone gain and bono den&y f&r GEM’21 S ~&mpared to 

Bkdo&n@. GEM 2l!.was further determined to be s&r and efkzive and, based on the : 
- clinical reds gated in the GEM 21s ctitical report, likely to provide~superior results in : 

._ 
ck&i appk?.ions where bone augmentation is warrx+nted. 
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This report compares the BioMime& ~Phafmaceuticals, Inc.‘s multicentired, 

mdodd, controf tzial (RCr) entitled,, “A rando&~& donbleWn& controlled parallel- 

arm, pivotal hunan clixiical trial to &&ate the safety and effect&mess of GEM 21STM for 

the treatment of per&loz~& bone defects” to thoae.data repqted in the recent American 

&&my of Periodontofogy Workshop held on July 2&29,20Q3 in Oak Brook, Tuihois on 

Contemporary Sdience & Clinical Perbiontics.? Appro&xately 110 researchers, educators 

and clinicians participated in this conference. The result &as the publication of manu&ripts 
and co~~~ensu~ reports on a varierty of topics in tissue’ ex&eering, infection conkoI.and 

host nmdulation and included a report (attaihed). entitled Wrow& and anjelogenti-like, 

factors in periodontal wound healing. A &s~~~~tic review”. 

.-.- 

The objective of the study group report W&S’ to determine, in pagents with 

periodontal osseous defects, the effect of growth or tielogenin-l&b factors (i.e., 

Emdogain@) when cmqmred to &roPii& controls, on clinical, radioiogical; hist~iogical, 

adverse and patient-+&red outdomes~ Of the 8 studies subjected to -the published 

systematic review for Emdog&@ that were evenwdly considered in -the met+-analysis, 7 

of the 8 were RCT8’ and one w& ‘a quasi-experimental stwiy.“! In ge%eraI, the studies 

report highly consistent and statist&aZIy! significant results, demonstrating marked 

improveme+ in c@icA attacbt level &n,‘pocicet .$eptb ‘2edw&n and (is&us defect . 

fill as rnqswed ;adiogrq&alIy compa&d to&e conuol, open-f&p debridment (O&j. 
._ The study p=ef was &nposed o’f Academy-ap@n&d.section members included Drs. 

Ma&a Somk ~i&m &&obile, &mes h&l@&, Pamela &+Bin, Pwf Rosen; ._ 

. 

Gerald Ejowe*r, &xett Hsxqock, &ie fcenncy, &.ngelo,Mariotti; Michael MilIs, M&c 
Nevins, andM$rkReynoids. -, . 
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The findings in the study group report found that the clinical evidence, as 
determined by this systematic review, supports the utilization of Emdog&@ @MD) for 
pe&don@l osseo~ defects to promote CAL gain and PD reduction. Although to date 
long-term benefits of E&ID have not been demonstrated, the panel and consensus of 
conference participants was that the evidence is Strong to support the use of Emdogain@ 
for periodontal osseous defects in patie& to promote CAL gain and PD reducr;tiou.’ 

In terms of bone regeneration, the consensus at the conference was the use of 
Etndqgab@ tu~prumu~r; bone fill based ou the surgical re-entry data presented &om one 

trial was of Moderate support of a claim for Emdogain@ use in periodontal defects. 
Given the results of the GELM 21s randomized, blinded study xe reported over a 

time interval of 6 months, comparisons to this data set approximate most closely to trials 
reported by He@” and ZelXerstr@m’” that reported soft tissue (CAL and PD) and hard tissue 
(radiographic measures). effects 8 months following treatment (see Table 1). 

Our review of the GEM 21s cIi.nicaI study report revealed that GEM 22ZW was 
found to be an effective treatment for the restoration of soft tissue attachment level and 
bone as shown by significantly improved CAL at 3 months compared to the active control, 
.a finding that was consistent with the area under the curve analysis that showed an 
improvement in CAL gain between baseline and six months. However, while the 
superiority of the GEM 21s vs. control was demonstrated at 3 months, no statistical 
difference was noted at 6 months among the treatment groups with respect to CAL gain 
which appeared to be due to the improvements brought about by the control group (Beta- 
tricalcinm’ phosphate alone) between 3 and 6 months. 

GEM 2fS significantly enhanced radiographic linear bone gain as compared to the 
B-TCP control (2.5 mm versus 0.9 mm for GEM 21Sm and fl-TCP, respectively). For 
radiographic bone f4l (or density) GEM 2ISm showed sigoifieant enhancements in 
percentage bone fiIl above B-TCP of 56.0 % versus 17.9 %, respectivqly. In our judgment, 
this amount of bone gain shown radiographically is considered strong, especially in light of 

. 
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&e ~&li&ed Wmttlre bc+marks for radiographic bone fill resuhing f?om placement O f 
Wgcncrativc materials. 

Table 1 (attdxd) compares ‘standard of care’ open flap dcbridement (OF@ to 
Emdog&@19 ahgraft, TCP and GEM 21 S (data tiom FDA report and Reynolds et. ai.)ll 
The magnitude of raponse for EMD, ahografi and TCP were similar in terms of linear 
bnc; gab and radiographic bone fill (TabIc 1). TCP and Emdogain WOW@ ~imil;lr in t-6 

of CAL gain (2.9 mm gain for EMD and 3.5 mm for TCP, respectively, while much 
greater than allografi (0.5 mm gain in CAL)). The most notable finding from the 

comparisons is the differences in linear bone gain and bone ftif for GEM 215 versus ah 
other groups (OFD, EMD, allografi and TCP). The response $s at least 100% greater for 
GEM2lS versus all groups for linear bone gain and z= 3 fold increased as compared to all 
groups for boric fill: (EMD, allograft, and TCP showing 14.5%, t5.3% and 17.9% bone 

fill, respectively); while GEM 21s showed 56.0% bone frt). These data are very strong in 
support of GEM 215, ospccially in Ii&t of the coxnparabfe nature of the dcftxt 

characteristics shown across the investigations (Table 1). 
In terms of safety, the GEM 215 study report found no significant safety issues in 

tennS Of baf or systemic tissue responses for the use of GEM 21s and the GEM’2IS 
aystont was considorcd safk 

We find support for the conclusion that GEM 21S7M has been shown to be safe and 
effective in the restoration of alveolar bone and clinical attachment around teeth with 
moderate to advanced periodontitis as demonstrated in a large, randomized clinical trial 
involving 180 subjects studied for up’ to 6 months. The results of GEM 2 1Sm are 
comparable, or ‘superior, to those reported for Emdogain@ .in terms of CAL gain and 
-pocket depth reduction. Further, a important finding and a main source of this 
recommendation to support GEM 2 1 SW is based on the data withsspect to alveoku bone 
fill as demonstrated radiographicahy~ The data for GEM 2 1 Sm snggest an improved effect 
in bone fill above that reported in the Emdogain@ trials of 8 months in duration. 
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I’rofcssor of Periodonticri 
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represent mean values and range found iu the studies ( ), 
CAL * CIi&d attachment level; PI& = iuitia2 pock& &pth; RQ = initial osseous defect depth, CPD = opm tlap debridement. 

*Vahes &c-m On> and Emdogain taken from Giamobiie & ~om.xnm* depicting clinkal t&Is of 8 KLOI&S in duration as reported by 
Heijl et aL2, and’Z&erstr&n et al.) 

1. 

2. 

3. 

cdaaDobilc WV, Soinotman id3. Growth and amelogcddikc fim~~ inpticd~~tsl VW& haling. A syst~tic rd~w. AmPcciodoritol~~~3;8:~~3- 
204. 
hijl I+, &da G, Svardermm G, CMgm A. Eoaml maaix dpiw& (EMDOGAIN) in the treatment of innrbony paiodonti defects. J Cb 
i?rziodoataI 1997;24:705-14. 
~&nO), Andason ‘2, Esikwn L, et al. Clinical spfeiy of enamel mati deriwive (EMIxxjAJN in the tsatmcnt ot‘pniodaataf defects. f C3.a 
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Efficacy of Bone Replacement Grafts in the 
Treatment of Periodontal Osseous Defects. 
A Systematic Review. Ann Periodontol2003, 
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Mark A. Reynolds, Mary Elizabeth Aichelmann-Reidy, Grishondra L Btanch-Mays, a@ John C.‘Gunsolley. 

Department of Periodontics. Baltimoie College of Dental Surgery, i.Inivers& OflHarylanh, Bakimore. Maryland: , 

Background: Bone replacement grafts (BRG) are widely used in the treatment‘of periodontal oSseous 
defects; however, the clinical benefits of this therapeutic practice reQuire further .clarification through a sys- 
tematic review of randomized controlied studies. 

Rationale: The purppse ,of this systematic review ,is to access the efficacy of bone’rjephkernk? grafts in : 
proving demonstrable clinical improvements in periodontal osseous defects compared to surgical debride-. 
merit alone. 

Focused Question: What is the effect of bone replacement grafts compared to other interventions on din- 
ical, radiographic, adverse, and, patient-centered outcomes in patients with periodontal osseouS.defects? 

Search Protocol: The computerized bibliographical databases MEDUNE and EMBASE were searched from 
1966 and 1974, respectively, to October 2U$?2 for randomized controlled studies in whichbone replacement- . 
grafts were compared to other surgical interventions in the treatment of periodontal osseous defects.. The 
search strategy included screening of review articles -aud.reference 1ist.s of retrieved articles as well as hand 
searches of selected journals. . 

Inclusion criteria: All searches were limited to human. studies in English language’publications. ,. . . 
Exclusion criteria: Non-randomized observational studies (e.g., case reports, case series), publica.tions 

providing summary statistics without variance estiniates or data to permit computation, and studies with- 
out BRG intervention alone were excluded: 

Data Collection and”Analysis: The therapeutic endpoints examined included changes’ in bone level, clin- 
ical attachment level, probing depth, gingival recession, and crestal resorbtion. For purpo&s of meta-analysis; 
change in bone level (bone fill) was used as the primary outcome measure, measured upon’surgical re-entry 
or transgingival probing (sounding), 

Main Results 
I _ Forty-nine controlled studies met eli&bility criteria and -provided clinical outcome data on intr&ony 

defects following graftmg procedures. 
2. Seventeen studies provided clinical outcome data on BRG materials,forthe treatment of furcation defects. . 
Reviewers’ Conclusions 

_. 
. . . 

1. With respect to the treatment of intrabony defects, the results of m&a-analysis supported the fc&ow- : ’ 
ing.conclusions: 1) bone grafts increase bone level, reduce crestai bone loss, increase c\lnkal at&rrnent 
level, and reduce probing depth compared to open flap debridement (OFD) procedures; 2) No differences 
in clinical outcome measures emerge between particulate bone allograftand calcium phosphate .(hydrox- 
yapatite) ceramic graft% and 3) bone grafts in combination with barrier membratis increase cliiicai:attach- 
ment level and reduce .probing depth cqmpared. to graft alone. :’ 

2. With respect to the treatment of furcation defects, 15 controllec) studies ~provided; data on clini& out- - 
comes. Insufficient studies of comparable design were available to submit data to i&&r$aly& Non&e- 
less, outcome data from these studies~generally indicated positive clinical benefits wi$h’the use of grafts jn 
the treatment of Class II furcatkns. 

3. with respect to histolo&cal outcome parameters, 2 randomized co&&d studis provide evidence that 
demineralizeg freeze-dried bone, allograft (DFDBA) supports the formation of a, new attachment apparatus 
in intrabony defects, whereas OFD results in periodontal repair characterized prim&fly ,by the formatfon of 
a long junctional epithelial attachment. Multiple observational studies provideconaistent histological evidence, 
that autogenous and demineraliied allogeneic bone grafts support the formation of new attachment. Limited 
data also suggest that xenogenic bone grafts can. support the form&ion of a n$w attachment apparatus. In 

.^ _. _ -. ._ :_ 
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i 
contrast, essentially all available data indicate that 1 

I alloplastic grafts support periodontal repair rather 1 
1 than regeneration. 

i 4. The results of this systematic review indicate 1 
j that bone replacement grafts provide demonstra- i 
i ble clinical improvements in periodontal osseous~ I 
i defects compared to surgical debridement alone. ; 
1. 

_ 1 
Ann PWiodontol2003;8:227-26.5 

1 KEY WORDS 
i Clinical trials, controlled; comparison studies; 

I 

.I 9 
; 

rafts, bone; periodontal disease/surgery; 
1 periodontal diseases/therapy; outcomes 
1 assessment; review literature; meta-analysis. i 
>A-.----- _-_---..--. _-__ _’ 

BACKGROUND 
The complete and predictable restoration of the peri- 
odontium‘following trauma or infection remains a crit- 
ical objective in periodontics. Bone replacement grafts 
remain-among the most widely used therapeutic strate- 
gies for the dorrection periodontal osseous defects. A 
wide range of graft materials have been applied and 
evaluated clinically, including autografts, allografts, 
xenografts, and synthetic/semi-synthetic materials.’ 
Moreover, observational and controlled studies gener- 
ally document improvements in clinical parameters 
following placement of graft materi&.2~3 Comprehen- 
sive reviews of the literature, however, have yielded dif- 
ferent interpretations regarding the clinical benefits of this 
therapeutic practice. IV3 Moreover, there is an appreci- 
ation that regenerative outcomes remain somewhat 
inconsistent and are Iikeli dependent on multiple factors. * 

RATIONALE 
The‘prirflary‘ objective was to ‘assess the efficacy of 
bone replacement grafts-in the treatment of periodon- 
tal osseous defects relative to-open flap debridement 
-as well as other surgical therapies. 

FocusED QU~sii0~ 
The purpose of this systematic review, therefore, was 
to address the following’focused question: 1n.patient.s 
with periodontal osseous defects, what is the effect of 
bone replacement grafts compared to other interven- 
tions on cljnical, radiographic, adverse, and patient- 
centered outcomes? 

SEARCH PRtiTOCOL 
Data Sources and Search Strategies 
The bibliographical databases MEDLINE and &BASE 
were searched from 1966 and 1974, respectively, to 
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October 2002 for studies in which bone replacerrient 
grafts were compared to other surgical interventions in 
the treatment of periodontal osseous defects. The. 
search was limited to human studies in English lan- 
guafie publications using the search strategy and terms 
summarized ,below: 

Field 1: Bone graft, bone replacement graft, auto- _ 
genous, autogenous bone graft, bone matrix, allo-. 
genie, allogenic. bone graft; osseous autograti, osseous 
graft, osseous composite graft! allograft, bone allograft, 
osseous allograft, canceilous bone allograft, freeze-dried 
bone, demineralized freeze-dried bone, bovine bone, 
Bio-Oss, synthetic graft, polymer, calcium carbonate, 
ceramic, bioglass, bioactive glass, Perioglass, Siogran, 
Unigraft; hydroxyapatite, hydroxyapatite, porous HA, _- 
I-IA;. durapatite, coralline calcium carbonate, calcium 
carbonate, polymethylmethacrylate, hydroxyethyl- 
methacrylate, calcium poiymer, .beta-t&alcium p&s- 
phate, t&calcium phosphate, trical$urn phosphate, TCP 
graft, HF polymer, Periograf, periodontal re+neratJon,. 
PepGen-15; ‘- 

FiekJ 2: periodontal defect, intra-bony, intrabony, i&a-, 
bony, infrabony, ihtra-osseous, intraosseous, vertical 
defect, vertical lesion, ‘furcation, furcations, furcation 
lesion, furcation invasion, complication, ,surgical com- 
plication, postoperative complication, surgical wound 
infection, gingival recession 

All root words were searched with a.trun~ation sym- 
bol, permitting identification of all forms, including plu- 
rals, etc. 

EMBASE was searched using more restrictive the- 
saurus terms (bone grafts; periodontal) ‘and key root- 
words (intrabony, infrabony, intraosseous, and furca- 
tion) for publications not cataloged in MEJXJNE. 

These searches were supplemented by screening 
review articles and, reference lists of retrieved articles 
ai well as hand searches of the Interktional Jou‘rnaf 
of lf’eriodontics and ti$stomtiue Dentfgry, Journal of 
Clinical Pqiodontofog~; Journal of Perf~o~fologY, and 
&xmal of Periodbntaf Res+rch. . . ._ 

The search strategy. attempted to dire&y id.e+y 
all recognized BRG materials through the inclusion of 
keywords (e.g., trical,cium’ phosphate) - 

Selection Criteria _-. 
Jnclusioq criteria; All sear+$s were limited to hutian 
studies in English language publications. 

_ ~clus~on qiteria: Exclusion criteriq’induded non-. 
randomized observatiqnal studies (e.g., case r&ports, 
case series), publications providing summary.stat&ics 
without variance estimates or data to permit compu~ 
tation, and stuhies:v&hout a BRG intervention atone. 
This, review did ‘not consider studies in which graft 
materials were used in combination ‘with biological 
mediators, such as bone morphogenetic proteins or 
enamel matrix derivatives. Root surface biomodifica- 
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jn with citric acid, tetracycline, or ethylenediaminete- 
traectic acid (EDTA) was not an exclusion criterion. in 
addition, this review considered systematic reviews of 
randomized clinical trials, cohort studies, and case- 
control studies as well as critical reviews of the litera- 

- ture examining BRGs in the treatment .of periodontal 
osseous defects. 

Data Collection and Analysis 
Citations were independently reviewed by two,inves-’ 
tigators .(MAR; MEA-R), and publications identified 
as potentially relevant were retrieved for review. The 
retrieved articles were reviewed with respect to method- 
ology and inclusion by 3 investigators (MAR, ME%-R, 
and GE&M). 

Two investigators- (MEA-R and CiB#) independently 
abstracted data pertaining to study design, methodoi- 
ogy, analysis, and results. Issues‘of interpretation and 
discrepancies in data sets were resolved through dis- 
cussion. Data abstraCtion forms were. reviewed for 
accuracy (MEA-R, GB-M, and MAR) prior to entry into 
an electronic data base for analysis. Assessment of 
study quality included documentation of the following 
investigational and design parameters: experimental 
protocol, randomization, masking, and standardiz&tion _, --.-c /. 
b 

f outcome measures. 
.s 

Quality Assessment 
AM studies submitted for meta-analysis were identified 
as randomized’controlled trials. Methodological qual- 
ity was reviewed primarily with respect to randomiza- 
tion, .examiner masking, and description of withdrawals. 
Problematic for most repprts was an absence of suffi- 
cient detail regarding method of randomization, exam- 

.iner masking, and subject withdrawal. Additionally, 
reports often failed to provide adequate information 

, related to examiner cafibration and standardization of 
outcome assessments. 

Outcomes: .With respect to clinical outcome para- 
meters, study selection was restricted to randomized 
controlled clinic&l studies in which a bone repl.acement 
graft was compared to open flap debridement (OFD), 
a different BRG, or other surgical modality (e.g., guided 
tissue regeneration) for the correction of intraosseous 
and furcation defects in patients with periodontitis. With 
respect to histological outcome parameters, only stud- 

._ ies providing data b&sed on excisional biopsy.speci- 
mens that included the region of the periodontal osseous 
d&t and adjacent tooth were included in the review. 

Clinical outcome measures were catego&ed as short- 
.-,term (<12 month%) or long-term (23 years}. The ther- 

’ 3 ,apeutic. endpoints examined in the systematic review 
included changes in bone level; clinical at&chmknt level, 
probing depth, gingival recession, and cresta) resorption. 
Other potential secondary outcome measures were 
sought in the review, such as change in level of oral 
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hygiene effica~y/compliance (based on indices of gin- 
givai inflammation and/or bleeding), incidence of dis- 
ease recurrence, and incidence of tooth loss. 

For purposes of the meta-analysis, change in bone 
level (bone fill) was used as the primary outcome mea- 
sure. Direct clinical measurements via surgical expo- 
sure or transgingivaf sounding4-’ were considered for- 
the assessment of intrabony defect level. Secondary 
outcome measures induded crestal resorption (mea- 
sured at surgical re-entry), clinical attachment fevel, 
probing depth, and gingival recession. 

Data analysis: The synthesis of data for outcome 
measures was based on the experimental design. Mean, 
scores and variance estimates for‘outcome measures 
were obtained directly from summary statistics or cal- 
culated from data tables. Studies were weighted in the 
analysis according to the, number of subjects con- 
tributing, defect sites in each intervention arm or group. 
Studies with muftiple interventions could contribute more 
than one treatment group or arm to the analysis. Mul- 
tiple defect sitei from the same subject were averag&d 
to provide a “pooled” estimate of the true outcome 
value for the individual. Thus, the subject rather than 
site was used as the unit of measure for purposes of 
weighting estimates of treatment effect. 

The mean and variance estimates for changes in out- 
come measures were extracted from the full manu- .’ 
scripts or, when not reported, calculated from raw data 
where possible. The effect size for each study was cal- 
culated as the mean difference between treatment and 
control groups divided by the pooled standard deviation.- 
The data were analyzed using a standardized difference 
as described by Ffeiss.8 Data were submitted to both 
random- and fixed-effects models, which yielded’con- 
sistent results. Heterogeneity was examined using both 
CohenQ d (unSdjusted)g and Hedges’s g (adjusted) sta- 
tistics-*0 ‘A lack of heterogeneity was accepted only 
when both tests yielded nonsignificant statistics. The 
data were analyzed using a ‘method that was first 
described by MBntel and Haenszel’I..and subsequently 
adapted for meta-anafysi$.y2*‘3, The results were con- 
firmed ‘bi Feto’s method for combining odds ratios.14 
Data were analyzed using a statistical sofnvare‘program; 

Prior to statistical analysis, graft materials were cat- 
egorized .on an a priori’ basis into on& of the foll&ing 
cateogories: autogenous, allogenic, xenogenic; calcium 
phosphate ceramic (porouQnonporous hydroxyapatite; 
HA); bioactive glass (silicates), and other (coralfine &al- 
cium carbonate, polylactic‘ acid, polymethylmethaciylate, 
polyhydroxylethylmethacrylate, and calcium hydroxide 
polymer}. 

-Study &ara~teri&ics 
The computerized search strategies located 3,299 cita- 
tions, of which f 34 were screened for potentially meet- 
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Table I. 

Studies Excluded from Meta-Analysis 

G&ut &al? issq 
~yy&L’“l99Q 

Toback et al.ls I999 

Qu$cye h-am-es what@ ‘by 
iladi0graphi;dai.a 

Radiographic comparison to 
previwJy repo@?d re-entq 

. S&&n etaI.*! l&3 
Hiitt et zililp 1986 
Qiiinterx, etaLB 1982 
costa et ai.? 1994 
Q1&l3& et al.? I970 
Melionii et&l?6 ‘t 77% 
‘%ti:and &pe27 I982 
Yukna2a isS9 

Nonhndamized 5tudy&r case 
series 

Sepe -et al?9 I 978 Categorical outcome measures 

&wws.et al?‘. I989 

Yukna et al?2 I984 
Yukna et al 33 2002 
Yukna et ai% 1989 

No ciinical evahations provided 

Longiiudinal follow-up 

ing inclusion criteria. Eighty-four articles were abstratied, 
and 2O15-34 (Table 1) were excluded during the selec- 
tion process. A review of publiiation references revealed 
2 master’s theses35*36 that met eligibility criteria. 
Sixty-six randomized controlfed trials were rqtained 
for review and possible submission to meta-analysis. 
Forty-ni?e randomiied controlled studies met eligibil- 
ity criteria and provided clinical outcome data on BRG 
materials in the treatment of intrabonjr defects,6r37? 
Similarly, 17 studies provided clinical outcome data 
on BRG materials for the treatment of furcation 
defects 35,36,45,&3,56,85~96 . 

BRG Versus OFD 
Initial and subgroup a&&is. Table 2 summarizes 
the available studies that ‘provide an OFD inter- 
vention arm or group for comparison with a BRG 
material. The BRG ,materials examined in these 
studies were as follows: autogenous bone,47*70 allo- 
genie bone, 6,37,39,40,42,58-60,62,63.75,82 calcium phbs- 

phate (hydrtixyapatite) ceramic (porous/nbnporous 
HA),53*56*61*6g*7g bioactive glass 48*65*67*72 coralline 
calcium carbonate?5*63*ay polylacti~ acid,60 polyrnethyl- 
methacrylate, polyhydroxylethyl-methakryiate, and . 
calcium hydroxide polymer,e0 hydroxyapatite 
cement,42 and HA-glycosaminoglycan.54 

In the initial meta-analysis, studies were cate- 
gorized on an a priori basis into one of the fol- 
lowing cateogories: autogenous bone,47*70 akgenic 
bone 6.37,39t10,42.58-65,62,63,75.82 calcium phosphate 
cer&ic (CER)?3*56*6*fig*7g bioactive glass$8*65*67*72 
and other. The’latter classification was heterogeneous - 

* More than one exclusion criterion may apply. 

Table 2. 

Characteristics of RCT Studies Compqring Bone Replacement Grafts kit+ Open Rap 
Debridement in the Treatment of Intrabony Defects . - 

lSor$hetti et alp0 I993 Randomized, paired d&ects Mean: 47 years .I 2 months R-v 



: by definition and included studies examining coralline 
calcium carbonate;55*63*8* polylactic acid;60 polymethyl- 
methacrylate, polyhydroxyIeth3Eme~a~rylate, and cal- 
cium hydroxide (PMMA/PHEMA/CaOH2) polymer;a” 
hydroxyapatiti ~enienti~~ and HA-glycosaminog1ycan.54 

Treatment effects and heterogeneity within BRG 
classifications were first examined with respect to the 
primary outcome measure, change in bone level. The 
initial analysis revealed significant and consistent treat- 
ment effects withii the autogenous, aliogenic, and cal- 
cium phosphate ceramic groups (Fig. I; page 236). 
These positive treatment effects indicate that grafting 
with autogenous bone, allogenic bone, and calcium 
phosphate ceramic (HA) results in a significantly greater 
change (increase) in bone ievel than OFD procedures’. 

.A non-significant ,effect was obtained in the bioac- 
tive glass group (P SO.l?, although significant het- 
erogeneity was found across studies (P 50.006). The 
inconsistency in effect was attributable to one studye6’ 
which reported a more favorable change in bone fill fol- 
lowing an OFD procedure. The other studies have doc- 
umented relatively greater increases in bone level fol- 
lowing grafting with bioactive glass than with OFD 
alone.48,72 

The BRG group designated “Other” (OTH) yieided 
‘.’ 
.? 

a significant treatment effect; however, this effect was 
-. inconsistent (P~O.003) across &dies. With the excep- 

tion of 2 studies,42v60 changes in bone level were found 
to be more favorable following grafting than OFD pro- 
cedures. Comparatively poorer resultant bone levels 
were reported following grafting with polylactic acid60 
and HA cement42 relative to an OFD procedure. 

Graft materials within the allogenic category were 
subgrouped a priori because of-differences -in bone 
procurement and processing as well as potential dif- 
ferences relative to the primary outcome measure; 
namely, change’ in bone level. Three subgroups were 
compared in the analysis-fresh frozen, freeze-dried 
bone allograft (FDBA), and demineralized freeze:dried 
bone ailograft.(DFDBA) (fig. 2; page 237). Tests of 
heterogeneity were not- significant either within sub-’ 
groups or collapsing across subgroups. Significantly 
greater bone level improvements were found for both 
DFDBA and fresh frozen allografts compared to OFD 
procedures. However, FDBA was not associated with 
significant improvements in bone level. Collectively, 
these data support the efficacy of both DFDBA and 
fresh frozen allografts with respect. to improvements 
in bone fill in intrabony defects. Noteworthy isthe fact 
that there were only 2 studies with a combined sam; 
ple size of 34 observations examining FDBA to an 
OFD procedure. Finally, since the tests of heterogeneity 
were not significant. for allografts, the studies were 
retained for analysis of the remaining clinical outcome 
variables. 

. The initial meta-analysis yielded an overall signifi- 
cant (P ~0.001) but inconsistent (P SO.003) treatment 
effect, when collapsing across BRG categories. The 
nextstep in the analysis was to explore the sources of 
heterogeneity, particuiarly with respect to the category 
of “Other” BRG materials. The “Other” classification 
was broadly defined to permit inclusion and compar- 
ison of studies not included in the remaining BRG cat- 
egories. Studies of coralline caicium carbonate within 

I  Table 2. (continued) 

; Characteristics of RCT Studies Comparing Bone Replacemenf Grafts, with Open flap 
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Table 2. (chtinued) 
. . 

characteristics of RCT Studies Comparing Bone Replacement Graft? with Open Flap 
Debridement in the Treatment of Intrabony Defects 

,Study Description Popukkion Age 

Remmig ei al6 i 998 Randomized. p&i+ defects Meatx473&4.\‘years 6 months Sounding 

Froum et al?* t 998 Randomized,paired’defeefects Mean age: 43 years 

Kim etaLs5 1996 I Randomized, between subjects 23 to 60 years: mean: 39.3 

,. : i. 
, ., .’ ‘es ; j_ .C!> :: *>;,;. .-:,a- ,. ,/_. 

_ ..:=+- 
I. , i - I .” 

., ,I ~ : : ‘. 
__. ;.I 2. ;.:i ;..:.. ,..-:.’ , ..; .., 1.. ,..,‘.. , _ 

> .:a+. :::‘A:” ..-. .’ .: ‘._-? , I 1:: .. -- -. : 

’ 

.:*.,. 

MabFyetal.5’ 1985 Randomized, paired defects and I 3-26 yem,meare 18.7 f 
parallel arms between subjects i 3.8 years 

&sters et al>9 I996 Randomized, paired defects 35-61 years 

I2 months None 

sounding 

6 months Sounding 

I2 months Reentry 

12fnonths f+-Q-Y 

.  .  

. Mellonig et a1.Q 1984‘ . . Randomized, paired defects 19-25 years; mean: 28 years .6-13moriths Reentry . 
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Table 2. (continued) 

Characteristics of RCT Studies Comparing Bone Replacetient Grafts with Open’ Flap 
Debridement -in the Treatmknt of hxtrabony Defects 

Pearson et alp8 Randomized. &Wee? subjects and 18-47 years Radii. f 
paired defects selected d 

fT-&try ; 

Rabalak et aiP9 I98 I Randomized, split-m&h or alternating 32-65 years 6months Reentry 
defect design . 

‘Rosmberg &,aln 2oOp Randomized, paired defects Mean:“li 6 months .Re-entrj- : 

S&ad &Tussing75 I986 Randomized. within subjects by quadrants 3 l-56 years; mean: 4 I y&r; 12’ moths fQ---Jtry 

Smlnnii et al?* 1992 l3andomized. paired defects. L8-65 years 12months None 

Yukna et al.” I994 Randomized. within subjects by 
alternating defects 

32-7 I years; mean: 47.2 f 
I I.2 years 

‘6-12months. Reentry 
rneax6.9 
months 

Y&a et aLB 198s Ra$omized, paired def& “31-G $zaEti43.5 j,t?ars 12 month ‘Re-el?try 

Yulma eta1.82 I998 Randomized, paired defects, and 
multi-centered 

35to65years 6-7mlhhs -Reantry 

Abbreviations: AAA = atitped, antigen-extracted. atbgentc; CAL= ctiiicat attachment bet; CR = crestat resorption; DFDBA = demtttzed fkezc-dried 
bone allagraft‘; ePTF& = expanded p@ytetrattwroethyte~ FDBA = freeze-dried bone attogra& HA = hydroxyapatite OFD = open Rap debrtdemcnt; NS = not 
stated; P-15:‘pepttde-15; pL9‘= potytactk acid; PMWPHEMA, CaOH, = potymethyt-methacrylate i polyhy~xyt-ethytmethacrytate +‘caktwn hydro+de; 
f@ = gin&vat receston~ ET = t~tiacydine; VDD = vertkat defkct depth. 

._ 

this category were identified a priori fo! subgroup ment effect. ihe analysis &g~e&s that coralii& cal- 
analysis. - cium carbonate (subgroup 2) represents the only con:. 

Figure 3 (page 237) summarizes the results for the &tent Geqtment effect in this category,, which was sig- 
subgroup anaiysis of changes in bone level for’studies tiificant (P z5Orocil) and consistent (Ij = NS). Of. the 3 
in the category. The overall analysis yielded a modestly other graft materials, only P~/pHEMA/CaOH2 poly; 
significant (PrO.OS), but heterogeneous (F%O.OOl’) treat- rnep was found to improve bone levels relatiye to “. - 
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Fble 2. (continued) 

Characteristics of RCT Studies Comparing Bone Repkement Grafts with Open Flap 
Debr&nent in the Treatment of intrabony Defects 

Examiner .. 
Outcome Assessments 

LocationK~ng 

.: 
‘, .: NS 

NS 

NS 

NS 

NS 

NS 

Yes 

HA (particulate) 
OF0 

Autogenous ?ancei&s 
OFjD .: 

Biiadjve glass. 
OF0 I 

Albgenic (iliac bone and ma,rrow) 
OFD 

OF0 
. Coralline-calcium carbonate 

OFD 
PMWPHEMAKaOH2 polymer 

Coralline calcium carbonate 
OFD 

PMMA/PHEW.CaOH2 polymer 
OFD 

HA+ ceramic particulate 
OFD 

HA-P- I5 (bovine) 
QFDBA 
OFD 

-. 
.: .y&. 

: 
< 

Yes 

Yes Yes 

Yes. Yt?S 

No Yes 

No 

Yes 

Yes 

YeS 

Ye.5 

Yes 

Yes 

Yes 

Yl?S Yes 

Yes 

Yes 

YeS 

Yes 

-Ye?i 

Yes 

NO 

Yes 

Yes 

NO 

Yes 

Yes 

Yes 

Yes 

.No 

No 

Yes 

No 

Yes 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

.‘No 

No 

Yes 

YeS 

Urkersity/NS 

University/ 
industry 

_- - 
~pivenit;r/r;rS .. 1. 

Universiiyf 
industry 

UniversiiINS 

Unive&y/ 
industry 

Private practice & 
university~ 
industry 

Univeniiy & 
private 

p”ctice/ 
industry, 

&D. h 2J5CJ Morqvkr, there was I’M more than one study 
t contributing outcome data for each graft material. Con- 

sequent&, these studies were dropped in the final anaiy- 
sjs.425WW 

3 and 4 (page 238) summa-. 
unweighted me& differences for 
the final meta,anqlysis c&par: 

ing grafts with open tkp debklement procedures. 
Bone Ievel: The final meta-analysis reveakd signif- 

1 
i 

icant effects for changes in tine level i-n all BRG 

I ~MC103382 / 

.categories, except bioaktive glass, wi& significant h&i- 
erogeneity (P50.001) for the curkbined groups (Fig. 4; 
page 239). Although the treatmknt effect for autoge- 
nous bone grafts was intermediate in size’ relative to 
the other BRG categories, only 2 studies cdntributed. 
data for autografts inihisanqlysis (PzXX3). Significant 
heterogeneity. was found in the tialciuni phosphate 
cer+ic group (P <O-04), autogenqJs bone group .(P 
~0.004), and the biictive glass group (P<O.O06). With 
the exceptjon of the bioactive glass g&p, heterogeneity 
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Reference N1 N2 Efft& NTotal PValue Graft 

ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 

Random ALL (13) 

Altieti 1979 
YuKnapZ 1998 
Masters? 1996 
Browrf 1998 
Mabrys 1985 
Flemmi$ IQ98 
MastersSB 1996 
hlellonif 1984 
S&radn 1986 
MorrP 1995 
BorgheW 1993 
Meadows- 1993 
BlumenthaP I QQO 

9 
31 
15 

a 
8 

11 
15 
11 

6 
10 
10 
to 

9 -0.075 
31 0.362 
15 0.508 
t 0.506 0.525 

:: 0.560 0.593 
1; 0.960 

1: 0.926 1.106 
10 1.444 
IO 1.662 
10 1.798 

154 0.746 

ii; 
30 
16 

iz 
30 
22 
12 
20 
20 
20 

3z 

0.870 
0.154 
0.164 
0.303 
0.285 
0.187 
0.106 
0.030. 
0.113 
0.019 
6.003 
0.001 
O.oQI 
0.000 

AUT 
AUT 

Random AW(2) 

Renve@ 1985 
Frwm” I976 

19 19 0.611 38 0.062 
28 28 1.944 56. 0.000 
47 47. 9.279 94 0.058 

CER 
CER 
CER 
CER 
CER 
CER 

Random. CER (6) 

@ejcF 1987 
Yuknan 1985 
Krejcii 1987 
Kenney= 1985 
RabalaiP I981 
MefferP 1985 

12 
13 
12 
25 

8. 
i: 

12 0?499 
I3 0.723 

E 0.983 1.526 
8 I .6Ci4 

12 2.548 
a2 1.248 

24 
26 
24 
50 

:: 
ta4 

0.2iQ 
0.069 
0.021 
0.000 
0.004 
0.000 
0.000 

E.2 
EC+ 

Random GLA (4) 
- 

Onghs 1998 
Park” 2001 
Frow+’ 1998 
Ro+nbergR 2000 

13 14 - 0.720 27~ 0.065 
38 38 I.175 76 0.000 
16 16 1.406 32 0.000 
I2 6 2.505 18 0.001 
79 74 0.928 153 O-086 

OTH 
OTH 
OTH 

ii% 

&own* 1998 
Meadows? 1993 
Kili$% -1997 
Moraw 1995 
Yukna- 1990 
WI+ 1996 
Yukna” 1994 

&mdom OTH (7) 

16 
10 
10 
10 
21 

ii 
108 

8. -0.622 
10 - 0.282 

:“, 0.230 1.062 
21 1.264 
:: 2.195 1.605 

97 0.792 

24 
20 

% 
42 
31’ 
40 

197 

0.151 
0.519 
0.598 
0.023 
o.oc@ 
0.000 
p.000 
0.042 

Random Combined (32) 462 454 0.933 316 0.000 

3’ 
? -- 

.i ? 

- I 
Graft 

Figure 1. _ 
hitid meto-urwfysis O! change in bone level (clef& fill) in mrhrnized controled clinicof stud@ comparing BRG to OF0 in &e tr&ment of htnhny 
defects. AbbreviationsAU = &grofCAUf = autogp& CER = cdcium~phosphote (hydmxyopatk) cerum& (FLA = biouctive gloa; and OTH = other.. 

- 

. in -subgroups waS generally associated with positive 
treatment effects across studies. Within the bioactive 
glass group, &nly one studf15 r&ported a negative. result 
-for graft compared to an OFD procedure. This &al 
analysis supports significant and copsfstent effects for 

‘.a)1 Subgroups except .fdr the bioaaive glass group. Alti, 
when the biotiCtive glass group was ejjmihated from 
the co&bined analysis, the cor&bined anz+si$‘ was sig-. 
nific&t and consister?t. 

Crestal bone loss (CBL): A significant tre&ment eff;ea 
wr?s obtained for CBL in the overaH analysis, indicating 
t)-rat OFD was associated With greater erestal resorp- 
tion-than after graft placement ,(Fig. 5; page 240). The 
results of t+e overall analysis suppbrt the hypothesis 
that BRG grafts significan#Jy reduce Cisl when com- 
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pared to OFD procedures. ,Although ciestal bone loss 
wa& generally less in each BRG category, the treatrnqt 
effert wtis ;only significant for ihe bone al&raft and 
coralline calcium carbonate groups. Similar. but non- 
significant effect+ were observed.in the bioactive glass 
and autogenqus bone grbups, presurriably failing to 
reach statistical. signi&ance most likely due .io small... 
sample sizes. Significant heterogeneity was again found 
in the bioactive glass group (PSO.O5)..ln summary-this 
analysis supports the hypothesis that grafting materials 
reduce the amount of CBL. 

Clinical atta.chment level (CAL): A &grGficant treat- 
went effect was .obtained for CAL in the eve@ an&sis 
and in each BRG c+egory, indicating that gwf@ were 
associated with greater attachinent levet gains than OFD 
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Subgroup 

DFDBA 

Reference Nl N2 Effect NTotaf PValue -2.00 -1.00 0.00 1.00 2.00 

Yukna= 1998 
Masters= 1996 
Browt? 1998 
Flemmig6 1998 
Maste?: 1996 
pz’d5= 

Meadows: 1993 
Blumenthals 1990 

31 31 
15 15 

8 8 
11 11’ 
15. 15 
11. 11 
IO 10 
10 10 
10 10 

$21 121 

0.382 
0.508 

EkZ 
0293 
0.960 
1.108 
1.882 
1.798 
0.771 

82 0.154 
30 0.184 
:: 0.393 

O-167 

;i 0.106 0.030 
20 0.019 
;: 0.001 

Oxxn 
242 0.000 

3% . - 
A 

- 

Random DFDRA (9) 

FDBA 

Random FDBA(2) 

Frozen 

Random Frozen (2) 

Random Combined (13) 

Altiere- 4979 
Mabry” 1985 .:t 

0.870 
0.285 

34 0.566 

.9 9 5.075 
8 8 0.525 

17 17 0.201 

Schrad= 1986 
Borghetti* 1993 

6 .6 
70 10 
16 16 

0.926 

t:Ei 
iii 

0.113 
0.003 

32 ,0.004 

154 164 0.746 308 0.000 

Controt 

Figure 2. 
Subgroup meta-cmalysis of change in bone level (defect fir!, r~r’tdmi~ed ~~ntded dinic~l studies CWnpori~g of/ogrc$ (Graft) to 019 &ontrr$) in the 
wotn-,ent of in&bony defzcts.Abbreviotfons: DFDBA = demineralized frrezedried bone allogrofk FDBA = fizedried bone ulrogro@ 

Reference Nl N2 Effecf N Total PVaiue -4.00 -2.00 0.00 2.00 4.00 i Subgroup 
,? 

COR 
.COR 
COR 

Random COR (3) 

Mora” 1995 IO 10 1.082 20 0.023 
Kim” 1996 13 i8 1.605 31 O.UOO 
Y ukn.a”’ 1994 20 20 2.195 40 O.OUCl 

43 48 1.660 91 0.000 

t .I-- - - 
- I - , .. , .. T 

._ ._ 
.&. 

- 

POLY Meadows* 1993 IO IO - 0.282 20 
Random POLY (1) 10 10 -0.282 20 

0.519 
0.539 

PMMA Yukna”1990 21 21 1.284 
Random PMMA (1) 21 21 1.264 

o.uoo 
0.001 

Ii AC 
Random HAG(1) 

BrowrP 1998 16 8 - 0.622 
.I6 8 -0,622 

24 0.151 
24 0.$75 

HA-GLY KiS$’ 1997 IO IO 0.230. 
Random HA-GLY(l) 10 IO 0.230. 98 0.598 

OAIS 

Random Combined (7) 100 97 0,792 . 197 oB42 

.,I. 
procedures (Fig. 6; page 24 I). The iesufts of the an&y- Probing depth‘ (PD); ‘A significant ‘treatment efkt 
sis support the hypothesis that J$RG grafts sig&kantly was obtained for PD in the combined &xalysi~, r&xt- 
enhance gains in CAL compared to OFD alone. The ing an overall larger, consistetit. (heterogeneity, NS) 
treatment e&cts w&e consistent both across. and within reduction in PD. that was consistent, when colkiP$ing 
groups, with nonsigtiificant tests for heterogeneity in all across BRG groups {fig. 7; Page 242). SignifEant and 
cases. consist& effects ako Lj,re shown for the allograft, Cal- _ 
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Table 3. 

Unweighted Mean Differences in Outcome Measures Comparing BRG and OFD Procedures 
in Meta-Analysis 

j 1%. ., ~ ., 1 I. 
Cfinical JWachment ‘. , -. - ,? f* f, = “‘ ; ,.. 

_ _..\. 
Level i ._ Probing Depth ;’ 

‘j -:‘r.-f: (_ ‘y “, : ;. “:;>.” ‘j ‘“*.~n.:r -. :.y _ 
( :+, ,_ “;.- .‘i..-. .:! i :..,: 

1 cti** Bone Fill 

~;;gj..;,-; 1 ‘p.J .Me+fSD N 
.< :%gg.&&+&%. ‘: ;;: 

Mean k SD ‘~~~~~.~~~~~~~~~~~~. N .&.i SD N +&SD 

0.50 f 2.03 IO 13 I.14 f 1.94 

&?I I I;57 I 2 1.46fl.50 

-&R ’ 6 0.90f2.14 7 6 1.37 f 1.64 

0.98 f I .76 4 3 2.07f I.79 

-c&$,;.. 4 1.06f 1.87. 4 4 . . . 1.62+L30 

Abbreviations: ALL = allograft; AUT,= autograft; Cl33 = calcium phosphate ceramics, COR = coralliie cakii carbonate; GLA = bioactive glass, N = number of 
study groups/arms. 

Table 4. 

Weighted Mean Differences in Outcome Measures Comp&bg Bone Replacement Graft 
and Open Flap Debridement Procedures in Meta-Analysis 

Clinical Attachment ~ : !j ~. ’ ‘/‘:,y’,b;,. .. . . 
II . ..a_. . ~.‘, ,” - 2.;: ;. ‘ 2:‘:‘:: ‘i ‘q ;.,.; : 

Level pFobing Depth ‘.;.; ,: ; I --,r :, ‘i”. +I**., .y :> : w Resorption Bone fill 

.‘q&~. wf M.qnfSD WT tie+rtSD WT MeanItSD 

‘A&L f36 0.44 f 2.25 I27 -0.43f 1.38 19 1.06f 1.97 

/an 51 0.72* 1.82 I9 -0.32.5 1.38 47 f.62f 1.53 

,+R 58 1.20 f 2.22 90 -0.19f0.98 82 1581t-1.77 
/\_., 
tX?R,. 60 0.9 I .f I .94 60 -0.30 f 0.62 48 L2l* I.82 

GLA 78 l.OSf 1.89 88 -0.l3.kO.94 74 1.6) f 1.47. 

Abbreviatrons: ALL = aUogra& AU? = auto~aft: COR = coralline cakium carbonate: GLA = b&dive glass; WF: weight (den&s h total number of s&jects 
across studies who contributed observations toward each outwe tie&we). 

cium phosphate ceramic, and bioactive glass groups 
(heterogeneity, NS). Evaluation of PD in the autoge- 
nous group was not possible, with only one study con- 
tributing data for this outcome measure. The corailine 
calcium carbonate grafts were the only BRG category 
that exhibited a non-homogeneous group of studies (P 
sO.OOl), with a. nonsignificant treatment effect. The‘ 
heterogeneity in this group was largely attributable to 
one study.76 In summary, -the overall findings of this 
analysis support a larger reduction in probing depth 
associated with grafting than OFD procedures: This 
conclusion was further supported by significant and 
consistently greater reductions in probing depth in the 
allograft, calcium phosphate ceramic, and biiactive 
glass gioups. 
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Gingival recession: Comparison of graft and OFD 
procedures yielded no significant. effect for gingival 
recession in the ,overafl analysis, indicating comparable 
clinicai outcomes with regard to this mea&e (Fig. 8): 
Variability in treatment outcomes across studies ‘was 
not heterogeneous (B +O.o.S). ._ 

Bone &llograft Versus Calcium Phosphate 
(Hydroxyapatite) Ceramic 
Four clinical trials38*4’;4’*66 provided dompaiisons of 
calcium ‘phosphatez ceramic (CER) with bone altograft 
(Table 5). Comparison of CER and bone akgrafts 
yielded no significant effects for bone level, creSta 
resorption, dinical attachment levei, probing depth, or 
gingival recession, indicating comparable cliiical out- 
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Fir& m~to-amfys& ofchonge in bone level (&fkct fill/l in rondomizrf controlled clinical studies cornporing BRG to QFD in the treatment of intmbony 
defects. A&reviotAii = o/fograF;AUT = autogn& CfER = c&urn phosphate (hydroxyopotite) cemm~ CQR = coidline calcium corborwte; 
GIA = bioa$ve &rss. 

comes with regard to these m%sures~ (Figs. 9 through 
13; pages 243-244) Tests for heterogeneity were non- 
significant for a!! outcome measures. Richardson and 
cdwo&ers71 similarly reported comparable improve- 
ments in clinical outcome measures (bone fill, CAL, 
and PD) following treatment of intrabony defects with 
DFDBA and bovine-derived bone mineral matrix. 

‘Graft Versus Combination Graft with Barrier. 
Four clinical trials provided comparisons of treatment 
with. graft alone versk’a combination of graft and 
barrie$?*51*35 (Figs. 14 throughl?; page 246)..These 
studies provide clinical outcomk data for different graft- 
barrier combination% coralline calcium carbonate 
expanded polytetraff uoroethylene (ePTFE) barrier,55 
demineralized bone altograft-ePTFE barher,5y dem- 
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.._ ,. 
ineralized bone allograft-collagen barrier,B and. HA-Sly: 
cosaminoglycan-ePTFE barrier” (Table 6; page 248). 
With respect to bone level, a modest but nonsignificant 
trend (P SO.1 1) towards more -favorable improvement 
was found, for combination graft-barrier membrane corn- . 
pared.to graft alone (Fig. 14). Although ‘all studies. 
reported more favorable changes.in bone ieve associ- 
ated with combination therapy, there was ‘si&Gcant . 
heterogeneity among the studies (P rO.05). Significant 
and consistent treatment effects were obtained for both 
clinical attachment level and probing depth- (he&o-. 
geneity, NS), indicating more fav&abIe gains,in attach- 
ment level dnd reductions in probing: depth following . 
combination therapy compared to graft alone (Figs 15 
and 16). Finally, no significant effect was found in rela- 
tion to gingival recession (heterogeneity, NS), _. 
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P Value -2.00 -4.00 

0.231 
0.240 
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0.692 
0.949 
0.432 
0.224 

0.032 
0..046 
0.007 

0.048 

%iz - 

G/A = biooctive g/as. 

Furcation Defects 
Only 15 randomized controlled clinical trials compared 
grafts to another surgical procedure in the treat- 
ment of furcation defects and met the eligibility crite- 
ria;35,36,45,48,5*,85-88,90-96 Graft materials examined 

in these studies included alloplasts (PMNA/PHkMA/ 
CaOHz, HA, bioactive glass, ~-TcP/Cas04)~5248~8590,92-96 
allogenic bone,35s*45*58*87-8g and autogenous boneP’tW 
One published report provided a longitudinal evafua- 
t&n of a previously reported clinical triakg5 Table 7 (page 
248) is a compilation of the clinical trials. with a bone 
replacement graft treatment group and provides a &urn- 
mary-of the characteristics and clinical outcome mea- 
sures examined in these furcation studies. Seven of 
the available randomized controlled trials ,compared 
bone replacement grafts to open flap debride- 
men~.48~ss~~~~~90~92,93 The remaining 8 compared dif- 
ferent graft materials, graft to barrier, or graft to barrier 
with graft. The frequency and distribution of grafts and 
interventions, as well as furcation defect types across 
studies, prevented the meaningful application of meta- 
analy&. No rneaningfrrl clustering or grouping‘of sfud- 
ieS for comparison of grafts or comparison of grafts with 
another intervention was possible. 
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The efficacy of bone- replacement grafts compared to 
open flap debridement, is summarized below. Of the 
available 7 studies with debridement controls, 3 
reported on, the treatment of mandibular Clas? Ill 
defects86*g2vg3 and 3 studies on mandibular ,Class 11 
defects.87+W*g2 The seventh St&y report&d furcation 
closure but no soft or hard tissue measures; nor was 
clarification of the furcation classification ‘provided.%. 
These‘ data w&e part of an intrabony defect trial. -In. 
addition, another intrabony defect trial‘ reported soft 
tissue measure changes but did not define the furta--- . 
tion types or report hard tissue measures.48 Therefore,. 
there were no consistent comparisons possible for con- &’ 
trasting the regenerative. outcome .dttaiiied follov&ng 
bone grafting a!one when compared to open flap 
debridement. ._ 

The.mean soft andhard tissue changes in furcations 
for a11 controkd clinicaltrials of bone replacement grafts 
are found .in Table 8 (page 252). When compared to 
open flap debikkment, the most dramatic changes are : 
reported in a clinical trial by Froum et a1.,f8 comparing . 
bitjactive glass (N = 5) to debrkfement atone (N = 4): 
The. debridernent arm in this study had greater .rnean~ 
soft tissue and hard tissue changks than other 
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Figure 6. 
ho] meto-onolysis ofclinicof attachment level in randomized controlled clinical studies cornporing BRG to OFD in the treatment ofintr&ony def&ts.- 
AbbtiotionxAtL = o!logroft’AUT = outogrfi CER = calcium phosphate (hydroxyopotite) ceromic;COR = coralhe calcium co@onate; 
GtA = bioactive glass. a 

reports.*~~87~90~g2,Q3 l&al PD z&d defekt depths were 
similar to the othkr repok. in .&e group. 

Overall, pro?.+ng depth reduction for the Class II 
defects ranged from 1.9 mm to 2.31 mm for bone 
re&cement grafts when compared ‘td their controls 
(debridement alone) which attained a PD reduction of 
0 mm to 3 -8 mm.87*g0*g2 For Class III defects, grafts 
produced a char&k of 0.7 mti to 2.43 mm, ‘& opposed 
to the cqntrols, that attained a, PD change of -1 .O to 
26 mm.8(j*g2*Q3 Clinical attachment level chatiges were. 
similar ,for mandibultir. Class .li and III defects. The 
graft treatment groups &ged from a meari change of. 
T.6. mm to I .9 mm for the.Ciass II defects and 2.2 rn$ 
to -2.6 .mm for the Class III -defects. Their debridement 
control groups attained mean clinical attachmerit level 
reductions of -0.04 mm to 1.5 mm a& 0.43 &xxi to 
1.5 mm, respectively. 
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There -appeared to be no more dramatic difference 
between postkurgical recession in the graft treittment 
group for Class II defects than that obtained following 
debridement alone when compared to the treatniek of 
Class Ill defects, although there-were only 2 studies 
where possible comparison could be made.‘Tlie rang&. 
for m&an recession ch&r)ge’of the graft treatmentg~oups 
was 0.2 mm ‘tO I .7 mm and-the range for the .debride- 
ment controls 0.7 mm to 1 .i mm for both Class il and 
III furcation defects. Again crestal resqptiop varied lit- 
tle between treatment groups or defect types .with,only 
2 studies each for comparison. Crestal resorptibn tias 
minimal and ranged from 0.4‘mm to 1.7 mm for bone 
replacenient grafts and 0.3 mm to I.4 mm for the con- 
trols. Differences between the graft treatrrieiit: km and. 
the debridement controls were most adparent whkn 

.. 

comparing horizontal defect fill. The horizon@ defect 
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fill fdi the graft’trea’tment groups ic Class 11 defects 
was’J.6 mm to 3.4 mm ai+ that fog the controls was 

.--0.3 mm to :I.24 mm. There was. only one Class 111 
defect study that repotied horizontal defect fill and ,&is 
report .yielded a change. of 3.33 mm aitd -0.16 mm 
for the graft arid control treatment groups, TegpectIvely. 

There aye p studies that Compqre bone graft alone 
to bone graft with an eI?ITE barrie&S*85*8g for the 
treatment of: mandibular furcation defects. One of 
whkh. was non-randomized with the co&o1 treatment 
arrri ,compIeted prior to the .experimentaI .treatment 
amLeg When compared to,$raft alone, Garrett & aLag 
in mandibular Class III defects aqd Calogne et aI.85 In 

‘mandibular Class II defects actually reported. slightly 
lower mean PD reductions, CAL changes, .&nd verti- 
cal defect fill for’the combined treatment group when 
cqnpared to the graft alone treatment arm. OveraIl 
among the 4 studies, comparisons for the mea? hor- 
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izontal defect fill and vktical defect fill produced sim- 
ilar results’ for combined therapy with the #WE bar- ‘_ 
rIer and bone replacement grafts. However; the Igrgest 
gains in mean‘ horizontal furcation fill were associated 
with cbmbination therapy; Mean horizonttil farcation’ 
defect fill ranged from I .I mm to 3.3 mm for comb& 
nation therapy, whereas the corresptinding gains 
ranged only froin 1 .O mm to 1.8 mm for grafting. alone.. 
Imp+ovements in mean vertkaj defect fill for combined 
therapy (0.1 mm to 2.9 mm) m&e closely ~artiileled 
those observed following grafting alqne (0.4 mm to- 
2.8 mm). 

The impact of combining grafts with’ bar&s -may’ 
. be most apparent for furcation cjosure, especially the 
Class III defects reported by Garrett et aI.,8g where par- 
‘tia! bony’closure was greater fur the defects treated, 
with DFDBA apd ePTFE and was 21.4% as Oppokd 
to 8% for OFD. in mandibular Class 11 defects, c&m- 
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Figure 8. 
Fir& meto-anolysis ofgingivul recession in mndomized controlled dir&of studies cornporing B&G to OKI in the treatment of introbony &f&. 
Abhwiotions: ALL = of!ogro~ CER = calcium phosphate (hydrauyapotite) ceramic; COR = corofline cokium codxwxe; G/,A = b;m&e g&s. 
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Evans” 1989 10 10 -0.234 0.592’. 
OrealmJno~ 1990 12 12 -0.806 24 0.063 

Fixed canblned(4) 35 35 -0.171 70 0.488 -t- 

and 62.5% of those treated with 
both polymer and guided t&sue 
regeneration (GTR) were con- 
verted to Class I furcations, as 
documented upon re-entry. 

Additionally, there were 2 ran- 

CEFI Grafl 

Figure 9. 
0 domized controlled trials, using 

Meto-anofysis of change in bone level (defect fill) in mndomized controfled c&hi studies compurin, 
bone~oflograft [DFDBA or FDBA) ond calcium pfwsphote fiydroxyopotite] ceramic (~23) in the -- comparabie flap designs, that 
trrotment of introbony def&aS. compared BRG to barrier, alone 

and rePorted furcation closure.~~ 
A third compared DFDBA to%dura- 
mat& but the defects treated with 

Rel-e Nl N2 Effect NTokd PVa& -2.00 -1.00 iJ.00 l.oiJ 200 .duramater had either :a - replaced 
‘BGdt”~lSJk 7 ‘7 O.OR 14 o.Gn 
BcTben” 1969 6 6 -0.179 a743 
Evans’ 1989 IO 19 0290 2 Q507 
(Jremmo* 1990 12 12 0.369 24 0.442 

FlredcamblmlWl 35 35 0.1*9 70 0.405 

flap or apicai positioned flaps while 
the DFDBA sites. were treated tith 

1 

- a coron~$1y posjtioned flap.88 
E5xcksding’ the third,, where the 
DFDBA -sites performed better 

Figure IO. 
with respect to defect volumetric 

Meta-ynolysis of crestal bone resoqxion in tvndomized ~lled &icol’studies awnpo&g bone 
change, these studies reported no 

~llogmfl (DFDBA or FDW) and cokium. phosphate @ydroxyqyt&e) cemmic (CER) in the signicant differences between the 
treoimtyt ofintrobony defects. freatment groups with the graft 

and ePTFE barrier perform&rg 

paring treatment with PWIPHEfW/CaOH~ polymer 
similarly.85*g6 The limited number 

to treatment with polymer.and an e--barrier, partia! 
of studies and the number of defects treated,make con- 
clusion~. dif&x& 

bony. closure. was slightly better with the combined 
regenerative treatment.85 Fifty percent (50%) of the 

Studies not submit& to me+analysis are summa- 
rized in Table 9 (page 254). 
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Figure I 1. 
Met&noiy& of clinical attachment kwi in mndomiz$d controlled clinical s&&s comparing bone 
o/logmfi (O,%A or FDBA) and co@um phosphate [bydroxyopotite) ceramic (CER) in the 
tre.atment ofintfobony defects. 

Fteterence Iii N2 Etlwl NT&l PValue -200 -1.00 o.eil mo 200 

Barn&t= t96S 7 7 0.571 14 
Bowen w69 

.- 
6 6. 0.015 12 

Evans* 1969 10 10 -0.476 20 oreamuno6619sa 12 12 .-0.360 24 g -er., FlxedccmMned(~ 35 35 -0.146 70 0.549 

cl33 G&t 

Figure 12. . 
M&-md@s of probing depth in mndomized controlled clinicof studies comparing bone ollogrof 
(DFDBA or FDBA) and calcium phosphate fiydroxyopatite) cemrnic (C@3) in the irec@ment of 
ifftmbony defects. 

f+xed canblned (4) 

5!z.!fy 

CER Gm 

Rderence Nl N2 Efhst NTotal ~Value -2aq -130 e.lle u3e me 

BWllttlt” 1969 
Bowen” is99 
Evans* 1989 
Oreamuno~1990 12 12 

Figure 13. 
Meta-onolysis of ghgiwi recession h randomized contrufied clinical studjes comparing bone orrogroF 
(DFDBA or FDBA) and caltium phosphate (hydroxyopatite) ceroniic (CER) in the treorment of 
intmtwny defeas. 

Table 5. 

Radiographic, Adverse, and 
Patient-Centered Outcoines 
Insufficient data are available to 
permitmeta-analytic comparisons 
among surgical therapies related 
to radiographic outcomes. .Radio- 
graphic .examinations using Stan- 
dardiied dinical and evaluation 
techt3iques,54*56*68 including com- 
puter assisted dcnsitiometric image- 
analysis (CADlA),42*46*59@*g7 were 
included in studies of intrabony 
defects. Radiographic measures 
generally parallel assessments of 
clinical outcome. However, Toback 
et al.‘8  recently reported that’lin- 
ear radiographic measurements.of 
postsurgery bone fill significantly 
underestimate this outcome. More- 
over; al though linearCADIA esti-. 
mates correlated significantly with 
measures of post-treatment bone 
fill, the magn itude of these associ-- 
atfons was modest, accounting. for 
approximately 50% of the variance 
in. the clinical assessment.  J-here- 
fore, linear-CADlA appears to pro- 
vide’ valuable but less accurate 
information regarding changes in 
bone fill following graft procedures. 

The  ma jority of studies 
included in the review report no  
adverse outcomes associated with 
osseous defects treated with 
grafts 35.39-41,45,46,50.53,55-61,63,8fi-93 t 

Characteristics of &r&al Trids Com@ring Calciuin Phosphate (Hydroxyapatite) Ceramic 
to Allograft (DFDBA or FDBA) in the Treatment of Jntrabony Defects . . . 

Evans et al!” I989 Randoinized, split-mouth, a& 16-k~a&nea1~21.1 7-l 1 months Re-en& : 
bilateral postqiw defects 

t _.’ 
Oreamunoetalp-4 BYCI ~-“~+n+kec+ai&,M~ .&41.4$ I +&a15 :6~mdnths- - &eentty . 

. 



‘hIthough not all studies provided information retative to 
incidence of adverse events- 6 37,44,47.48,51,52,54,62;16,97 P 
The most common untoward event reported was par- 
tial loss (exfoliation) of. graft particles postopera- 
tive~;42~~~~.57.69~“,80.93 however, witJi one exception42 

-. occurrence was limited to a few patients. One report 
described poor clinical response to calcium I-IA cement 
jn.the treatment of Class iJJ furcationsg3 

Jnsufficjent data were available to permit analytic 
comparisons among surgical .therapies related to 
patient-centered outcomes, such as changes in esthet- 
ics, incidence of residual probing depth, incidence of 
disease recurrence, incidence of tooth loss, and ease 
of receiving supportive periodontal maintenance. Of 
the clinical triais that provided. pre- and postsurgicaJ 
indices ‘of plaque and gingival inflammation; the 
majority revealed stability or improvement in mean 
scores relative to pretreatment folJowing.treatment of 
intiabony6,42,48,53,54,54,56,65.66,82,83 and furcation 
befeC~.“5J6,48.9293 s’ everal publications specified,the 
absence of patient-related difference% in frequency of 
‘complaints, level of comfort, or need for analge- 
sia 80.82.83 

. Longitudinal Stability of Clinical Outcomes 
jI Longitudinal reports are Jimited for the retention of 
1 treatment outcomes of bone replacement grafts for the 

Cf. treatment of intrabony defects and furcations. The lit- 
erature search identified 5 publications providing lon- 
gitudinal evaluations from 3 clinical trials of intrabony 
defects and 1 trial for furcation defeds,32-34~g5*98 Lon- 
gitudinal data were available from only 1 clinical 
triaJ3?>34 providing soft tissue evaluations of hydroxy- 
apatite graft and OFD procedure. Forty percent of the 
OFD sites lost attachment over the 5-year period, 

whereas two4hirds of the hydroxyapatite sites gained 
attachment over the same interval.“. FJemmig and 
coworker@ reported significantly greater bone fill and 
gains in CAL intrabony sites grafted with demineralized 
bone allograft (AAA l%re) compared to control defects 
treated by modified Widman flap surgery at 36-montlis 
post-treatment. Improvements in ,cJinicaJ measures 
found at 36 months were comparable to those initially 
documented at,6 months. The remaining studies pro- 
vide longitudinal data on stability of grafted sites,.but 
do not permit comparative evaluations with another 
intervention (e.g., OFD).’ These studies generally report 
positive maintenance of the clinical response obtained 
postsurgicaliy. 
Histologic Evidence 
Table 10 (page 254) &mmarizes studies reporting his- 
tological outcome following the placement of bone 
grafts in the treatment of periodontal osseous’ defects. 
One case report on a contiguous bone graft technique 
was excluded. from the review-” Studies based .on 
b.iopsy specimens of grafted defects without the bar- 
dering tooth were excluded in the summary.38*6?.10rJ 
Only 2 randomized controlled series of studies3**r0’ 
provide comparative histological data. Bowers’ and col- 
Jeagu.es provide compelling histological documenta- 
tion. that DFDBA supports the formation of .a new. 
attachment apparatus, including, new .bone, cemen- 
turn, and periodontal ligament, when used .as a graft 
in intrabony defects;3**‘0’ OFD. alone was found to 
result in periodontal repair characterized primarily by 
the formation of a long junctional epithelial attach- 
ment.31*10*~102 A review of other histological data also 
provides compelling evidence that. autogenous and 
demineralized aliogeneic bone grafts’ support the for- 

Table 5. (continued) 

characteri+tics of Clinics1 T&Is Comparing C&urn Phosphate -(Nydroxyapz$iti) iCeramic. - 
tQ Allograft (DFDBA or FDBA) in the Treatment of. lntrrdbony Def&ts 

: 
: .- 

------ . . : 
Outcome Asses~menls 

Ehmirter Masking Interventions PO CAL REC- CR VDti bcatiol?/funding 

r NS . HA. @ws. par&late) ‘Yes Yes Yes Yes Yes Navyhi~ 
r’ Aliogr$ (FDBA) 
7 

No AI&r-aft (tiFDBA) ’ ‘Yes Y$!S YeS’ Yes Yes NdvylNS. 
HA (porous, particulate) 

NS 

NS 

Allograft (FDBA)fET 2 
HA (sintenzd par-ticulate)iEJ 
j3-JCPlTEJ 

Porous WA p.&ulate 
DFDBA. 

YEi YeS 

‘Yes Yes 

Yes 

Yes 

Yes 

Yes 

Yes Universi+iS 

YeS tJikE.iifNS 
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Reference Nl N2 Effect N Total PValue -2.00 -1.00 030 I@0 200 

Kim= 1996 14 13 o.ooo 27 1.000 
Guillemin” 1993 15 15 0.t80 30 0.616 
Blumenthal~ 1990 14 15 1.396 29 0.001 
Kilii” 1997 10 10 0.508 20 0 -251 

Random Combined (4) 53 53 0.5of 106 0.107 z-.1 
control k&“t? 

r 
Figure f4. 
Me&analysis ofdwnge in bone level [d&X f/f) . I m  mndomized ,contmkd cfinic~l studio cornpa& hRi verxn~combhation BRGlb&ier membmne 
in the treatment ofintmhny defect2 BRGIBRWer membrane ~~rrdihtion~ indvded c&urn c~rhotekpnded pofptmfhotvethylene 
(e~),s5 cleminemlized fkezedried bone alfog@ePFEs’ AAA (autofyzed. ontigen-ex~ed, ollogenic) bonekollogen,~ and hydmxyoptkte- 
glycowminoglycan/ePTnS4 

. . 

Reference Nl N2 Effect, N  Total PVatue -2.00 . -1.00 . 0.00 1.00’ 2.00 

Kiis” 1996 14 13 0.147 27 0.698 
Guikmin”l993, 15 15 0.311 30 0.388 
Blumenthal” 1990 14 15 0.729 29 0 -053 
Kilig 1997 10 IO 0815 20 .0.168 

Random Combined (4) 53 53 0.434 108 0.030 -F 
Control MeAd 

Figure 15. 
Meta-ana&is of&&al attachment /eve/ in tvndomized controkd.dinical studies cornporing BRG velsu~ combination f3RGhmfer m&bmne in the 
treatment of intmbony defect. 6RGJBRG-bonier membmne combinohns induded calcium corbonotekxpnded pofytetrajiuoroethylene (ePJFQ.55 
demineraked fieezedrkd bone oUogroF/,PJFE,5’ AILA (outofyzed, ontigenexWct 
gjycosorninog&on/ePTf&s4 

ed, obgenic) bonelcoffogen,39 ond hydlpxyopotite- 
I :. 

tieference Nl N2 Effect G  Total PValue -2.00 -Go 0.00 MO 2.00 

Kim” 1996 14 13 0.391 27 0.306 
Guillemid 1993 15 15 -0.096 30 
Blumenthal” 1990 14 15 0.880 29 
KiiiiY 1997 10 IO 1.186 20 

Random ‘Chbined (4) 53 53 0.541 106 

Graft lNembrane 

Figure 16. . . . 
Mete-analysis of prubing bepth in mndomi+d conttvfkd din&l studies comparing BRGyrsuscombi&~ BRGiboner membmne inthebwtment 
ofintmbony defects 8RGMGbanier membmne combinotjons induded co/&m cahanatel~fJfmd6d @ytetr@ofwthyf~ (ePTFEJss 
deminemkd fiedried bane o~Iogf@iePTF~5 t A&A (anolvse& Okiieiwzxtmcted, ullogenic) bokkolk?geIk~ ond hydrvxy3ptite- 
g/psominog~onleP~Es4 

. Referenci3 Nl N2 E&t N Total PVahk -2.90 -l.i$l 0.06 1.00 ‘. ioo- 

Kiis 1996 ‘f4 13 0.070 27 
Guil lemQ 1993 15 15 0.524 30 
Blumenthalg.l 990 14 _, -0.254 ,I5 29 

Random Combined Kili(? (4) 1997 10 53530.250 .I0 0.819 106 20 

Figure 47. 

control Membrane 
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‘. 8 mation of new attachment apparatus. Two case series 
provide data that xenogeneic bone can also support 
regeneration. 103~104 In contrast, essentially all avail- 
able data indicate that alloplastic grafts support peri- 
odontal repair rather than regeneration, 

DiSCUSSION 

I 

I 

p-, 

% 

The goa) of this systematic review was to compare the 
clinical, radiographic, adverse, and patient-centered out- 
comes following treatment with bone replacement grafts 
and other surgical interventions in patients with @Fri- 
odontal osseous defects. Toward this end; 72 random- 
ized controlled studies evaluating BRG materlals in the 
treatment of osseous defects (intrabony and/or fur- 
cation) were identified in English language publications. 
Study populations included patients with a clinictil diag- 
nosis of chronic and aggressive periodontitis. For.pur- 
poses of meta-analysis, the primary clinical outcome 
measure was bone fill; secondary outcome measures 

.included crestal bone height, clinical attachment level, 
probing depth, and gingival recession. 

The first objective of the systematic review was to 
determine the clinical efficacy of BRGs relative to OFD 
in the treatment of periodontai osseous defects. The major-. 
ity of controlled studies examining the treatment of intra- 
bony defects included an OFD comparison group or 
arm~6,37,39,4O,42pS,47.48~~3-~,58-65,67-7O,72.75,76,78-8~~~ 
With respect to the primary outcome measure, bone 
fill, the final meta-analysis revealed significant improvk- 
ments for all BRG materials, except bioactive glass; 
however, significant heterogeneity was observed among 
the combined groups. The combined analysis was sig- 
nificant and consistent when the bioactive glass sub- 
group was removed from the combined analysis. Note- 
worthy, however, was that in all but one study,65 
bioactive glass demonstrated enhanced bone fill rela- 
tive to QFD alone. The overall analysis also indicated 
that significantly less crestal bone resorption was asso- 
ciated with BRGs than OFD alone, which was attrib- 
utable largely to bone dlograft and coralline subgroups. 
Moreover, each ‘BRG subgroup was found to yield sig- 
nificantly greater gains in CAL compared to OFD. 
Although a significant overall treatment effect was 
found with respect to greater reductions in PD follow- 
ing tr&tment with BRGs than OFD; differences in pD 
were significant only for the bone all&raft, calcium 
phosptiate ceramic, and bioactive glass subgroups. 
No differences were, observed in the degree of gingival 
recession following treatment with BRGs and OFD pm- 
cedures. Cdectively, the resuksof these controlJed stud- 
ies provide strong evidence that ERGS provide superior 
clinical outcomes than OFD procedures in the treat- 
-merit of intrabony defects. 

The most extensively evaluated graft material for 
the treatment of intrabony defects remains. deminer- 
alized bone altograft, as reflected in this review. With 

BMOO3394 

respect to bone fill, the meta-analysis revealed sig- 
nificant, consistently superior gains in bone fill with 
demineralized bone a&graft compared to OFD pro- 
cedures.6,39~4259,60,~~.~z These results are particularly 
informative, given clinical concerns arising from appar- 
ent inconsistencies in osteoinductive capacity of 
DFDBA related to processing and donor’age.ro5-lo8 
Commercially-prepared DFDBA. has been shown to 
retain active bone matrix proteins, such as bone mor- 
phogenetic proteins-2, -4, and -7, although some bio- 
logical activity appears. to be lost as a result of tis- 
sue processing compared to fresh ailograft.‘Og Within’ 
the context’of evidence on clinical outcome, the data 
strongly -indicate that DFDBA resuits in consistently 
superior improvements relative to QFD in the treatment _ 
of intrabony~defects. Osteoinductive capacity, therefore, 
may be important to the histological rather than cliiical. 
outcome following-grafting with’ demineralized bone __ 
matrix.. 

Freeze-dried bone allograft also has been shown in 
observational and centrolled studieS to improve clini- 
cal outcomes in intrabony defects.23~26*37~*58.73 How- 
ever, only 2 controlled studies .were identified th@t 
examined the clinical benefits of FDBA relative to ’ 
OFD.37*58 With‘ respect to bone fill, the subgroup 
analysis failed to show a significant benefit of FDBA 
compared to OFD. 58 Although these studies do not _. 
support the use of FDBA in the treatment of intrabony 
defects, insufficient data are available to conclude that 
the material lacks clinical efficacy with regard to 

.changes in bone fill. That positive clinical outcomes 
have been reported with FDBA in other studies is con- 
sistent with this interpretation.38*66~‘10 Furthermore, 
the clinical characteristics of FDBA, such as contain- 
ment and space maintenance, contribute to the inter- 
est in this graft matrix as a scaffold-based carrier for 
biologically acti& molecules.’ l1 Moreover, there is 
human evidence to suggest that the osteoconductive 
properties of FDBA may .be superior to those of 
DFDBA.**2 DFDBA has been shown to function clin-, - 
ically as a carrier for biolqgically active pro- 
teins 101*f13*114 and a case series documents the use. 
of FDBA as a carrier for enamel matrix’ derivative with 
successful clinical outcomes in advance-d osseous 
defects-* r* In vitro studies indicate that biological medi- 
ators can significantly modify, the cellular effects of 

. FDBA and DPDBA matrices.’ r5-* I7 Future studies are 
required to determine the potential therapeutic role of 
allografts as scaffold-baked carriers of biologically 
active molecules, such as growth and differentiation 
factors. 

The relative clinical benefits of different BRCis in the 
treatment of i.ntrabony defsts have been examined in 
multiple studies. However, sufficient comparative stud- 
ies were available only to permit meaningful compar- 
isons, of. dinical outcomes between bone allograft _ 
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Table 6. 

Characteristics of Clinical Trials Comparing Bone Replacement Grafts 
and Barriers in the Treatment of lntrabony Defects 

_, 
I.0. ,.. 

: J+&-& .: ,~ : _ I_ Study Descriptich Population Age /?caes~rit~i~erval HardTissue Assess~ 
p\_ 1 .,, _ ? . ~ , _ ., - , ~ . <, I. . . ,I 1 .:. _) -- ._. 

.;, ~~“i$r$r$e$ &e$l&$ ~j%q+d&withiri aje& 34,57 ‘yeam ;- I . &)& _ * ‘. ];+& 7 ; 

199!$ I .. ‘. 
i’ 

@site) - 
. : . . ._ 

-I ‘_ _ 

Kliq etaLs4 I997 Randomized, paired defects 35-60 years 6 months fhdiographic $ 
‘_ &sounding -1 

Kim et ahs5 I996 Randomized, between 23-60 years; mean 39.3 6 months sounding - 
subjects 

: 

. . 

quilter& -199s Randomized, paired defects Mean: 43.4 ye& 6 mor& R;entry 1.‘ ’ p 
: _ ; j_, :;* 

.y 
I ,.*:;, ._, . . 

Abbreviations: AAA = autolyred, antigen-extra&xi, alfogenic; CAL = clinical attachment level; CR = crestal resorption: DFfkA = demineralized freeze-dried 

; .: 

bone akgraft; eFfFE = expanded polytetrafkwoethylene; HA = hydrokyapatite: OFD = open flap debridement: NS = not stated; REC = gingival recession; 
VDD = vertical defect depth. I 

I. 

Table 7. 

Characteristics of Clinical Trials Examining BRG in the Treatment 
of Class 11 and Class III Furcation Defects 

, . 

f+?@xwe _,_’ :; Study Description Population Age Ass~*~nt~l ~HardTiiue hsessrnent _. 

.&&~~&~~2;dr 1 &dm&, gi,$d &&jble 
._ : . . . . : 

48@,earyyn: 
._ ‘$4 

$ef$x ,;j&! I.z.‘. ..cy , ,_.. .; 
ckyiqf* .. 

; : ‘I-:$ 
,54years j_ -. *‘. - 

,i_: . .G... s._. . . y.$ -: . . : __,* .‘ic __. i ? -l’.y. ., ; I.,. ._ 
Evans eia145 1989 hdomi7ed splii-mc~utb. and. 1 C-26 years 7-il mbnth~ Reentry . . 

bilatetxl posterior def&cts meam21.1 mean:9montbs 

GantztS et al-@’ I99 I Fk@mized, between subjects; NS 6 months N&&entry I ofJ? i. 
mandibular Class II defects . &jech) . . . . 

Giant& @t aIf7 i 988 @&&&j .$$t& &j.b&w=en 
: _. r 

Y 
-.... 

12 Jr%oiis flee* and sounding .’ i ’ ., ,.I_ 1 ..-I’ . . . . . @#$e&;&&pk.&t ~~b”lar _ . . . . . . ,.. . 
_’ . . :-‘ *j~&&)&*n +f@$ 

_1.1 ___ .% ._- ‘. &: ;- -_ : --; 
,. . . : 

Garrett et al.88 1990. fhdomiied between subjects. NS 12 months t&entry 
mandthlar Class II furcation defects . . . . 

,. 
~Q400339~ 
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!Tabie 6. (continued) 

Characteristics of Clinical Tri?ls Comparirig B@nc Replacement Grafts 
and Barriers in the Treatment of Intrabony Defects 

a 
outcdrne Assessments 

Examiner Masking interventions PD CAL REC CR VOO Lo&on/Funding 

Anograft @AA bone)/collagen :.. 
membrane - 

Clinical: single examiner, 
NS; radiographic: 
4 examinen,Yes 

HA-collagen/barrier (ePTFE) Y&S YeS Yes No .Yes UniversityINS 
Membrane (ePTFE) 
HA collagen (HA- 

glycosaminoglycan) 
OFti 

Yes Membrane (ePTkE) 
CoraNine calcium carbonate 
Cor+line calcium carbonate/ 

ePTFE barrier 
QFD 

Yes Yes Yes‘ NO. Yes UniverG+l 
industry 

NS Allograit (DFDBA) Yes Yes Yes Yes ’ Yes University/ . 
Allo&aft (DFDBA}/ foundation 

membrane (ePTFE) 
I . 

Table 7. (kontinued) 

Characteristics of Clinical Trials Examining BRG in the Treatment 
of Class II and Class 111 Furcation Defects 

Outcome Assessments 
Location/ 

I Examiner Masking _. lnJ&entions PO CAL REC CR VDF HP HOF FC Fundii _. 
.~ 

%s 2 calibrated _, PMMA@WWC+~2., ‘. ‘J’es +-& .y&. Y& .Yr?s 
‘examiners .. .kPTF. .I. .-- :. ; . : 

..Nci. Yeg. vy,.. .;:u~ _ . . / :, .. 
Pww~MAICaw;kfE ._ _.~ ,. 

..-&.&+. __ 

, : .-- ,.. .:. 
&, NS‘ No No ~ No t No No No No 
t: 

Allo&& (FQBA)/TET No Un‘krsity/NS 

5 
HA (sintered partkulate)/TEf 

i’ &TCP/TET 

NS; single examiner CPF/& Yes Yes No No No No No Yes University/ 
for osseous meas- CPFKA, DFDBA, NIH 
ures: 3.for soft 
tissue measures 

‘+lS OFDBA. CPFKA ‘Yes Yes No -No ” YTS .NO 
..‘yes’ _. q;. .Un&&q, 

CPFKA .- -.mDR- 
I , :. _,- 

._ i ., .I 
Yes. 2 examiners DFDBA, CPF. Yes No .No Yes Yes No Yes Yes 

Dummater repfackd or apkally 
Un~ryerjityl . 

NOR 
positioned flap (at level of 

i 
the alveolar crest) (continued) 

. . . . - . 
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Table 7. (continued) 

Characteristics of Clinical Trials Examining BRG ic the Treatment 
of Class 11 and Class 111 Furcation Defects 

Garrett et akm I994 Nowandomized,between subjeck 40-65 years 12-15 months Re-entry 
comparison, Class III furcation defects meaIxs9yeal-s 

13-26 year-s mean: limonths . 4-k-&y 
dcfect.5 (associated with uas I, I!, 18.7 f 3.8 years 
and 111 fur-cation defects) and 

arms between sut+cts 

Rosen35 ‘I 989 Randomized, paired mandibular 
Uassll defects 

24-28 reeks Re-entry 

._ 
Yukna94 I994 Randomized, paired mandible 

Chss Ii defects 
38-64 years mean: 

50.9 years 

,. . _. 

6-12 months Reentry 
, 

D~DBA = d&mineralbed freeze-dried bone ellograft; etTFE = expanded ~tytetranuoroe0lyJme;.FC 
= hydroxyapatite; liDI= = horizontal defecl Elf; ‘HP = horizontak probing depth: Om = open ftap debridement; PiS = not’stat& PD.= ‘probing depth; 
PMMA/FHEMA, CaO& = polymethyt-rnethacrylate + polyhydroxykthyl-methacrybterte; R&C = gingivaf recessiorc TET = tetracycline; VDF = vertkal defect fill. 

@FDBA and FDBA) &d HA,38~41~45~66 which yielded 
no $gnificant‘ differences with respect to changes in 
bone level, crestai resorption, clinical attachment level, 
probing depth, and gingival recession, The results of 
the meta-analysis, therefore, suggest cbmpaiable clin- 
ical outcomes following ,the application ,of particulate 
bone ‘allograft and HA. Tests for heterogeneity were 
not si&ificant .for the outcome measures. In addition, 
similar .clinical outcomes have been reported for 
DFDBA and FDBA -in the treatment of intrabony 
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defects.73 F&tire contr&d studies are necessary to 
determine the relative effisacy of different BRG mater-. 
ials in the treatment of perii>dontal oskeous defects. 

Case reports document -the combined use of BRGs 
‘and barrier membranes in the successfiri treatment of 
iritrabony defects. *f8-122 Ckical improvements with 
graft-baker combinations often have been in associ- 

.ation with larger, non-space maintaining defects,12’ 
&spite limited. contro&d studies to support clinical 
benefits of combined appioaches beyond those attain- 



- 

Table 7. (continued) 

Characteristics of Clinical Trials Examining BRG in the Treatment 
nd Class IIf Furcation Defects 

OFDBAWTF!?, CPFKA 
No No Yes Uniiersity/NtH 

Yes Yes 

NS: single examiner 1. Aliograft (FDBA) No. ‘No No No No ho No Yes- tJnivers’$+ltH 
per patient 2. FOBAJTET (local and systemic) 

3.OFl%TET (systemic) 
‘4.oFD 

and doxyrqqline. CPF . . .I- yes L DFDBAfePfFE, CW., No Yes Yes ks Yes No Yej No &her&y/none, 
DFOBA..CPF 

DFOBA. CpF 
DFDBAleFVS, CPF 

PMMARHEMAGOH,, CPF 
Osseous coagulum, CPF 

Yes Yes Yes Yes Yes Yes Yes Yes Private practice 
and university/ 
industfy 

able with grafting alone. ‘~3 This ‘review identified sev- 
eral controlted studies that compared treatment out- 
comes following use.of grafts in combination with bar- 
rier membranes to grafting aIone3g*51*fi4v55 Although 
comparing different graft-barrier combinations, the’ 
studies nonetheless permit a general’ comparison of 
clinical outcomes following a combined approach 
(BRG-barrier membrane) relative to BRG alone.. With 
respect to bone fill, a modest but nonsignificant trend 
was found towards more favorable improvement for 
combination therapy compared to graft aione. More- 
over, significant and consistently greater gains in CAL 

and reductions in PD were found following corn&a; 
tion therapy .compared to graft alone; Interestingly, in 
a systematic review by Needleman and coworkers,rZ4 
the combination of a BRG and GTR was found to result 
in a greater gain in hard tissue probing than GTR alone, 
when comparing each to OFD, Collectively, -these 
results suggest that combination therapy using -BRG 
and GTR may offer therapeutic advantages beyond 
those of either .approach alone in the management of 
more challenging osseous defects. 

In contrast to intrabony defects; substantially fewer 
controlled clinical trials have compared BRGs to OFD . 
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Table 8. 

Mean Change in Clinical Outcome Measuies in Studies Examining .Bone Replacement 
Grafts in the Treatment of Class 11 and ill Furcation Defects 

.~ ‘.._ 
z_j 

,: ., ,^ ‘- , 1 : -1 
. : . _ _ : -. 

Evans I. AH&raft 9 
et alPS FDBAlTfl 
1989 2. HA (sintered .6 

particulate)fXT 
3. &l-cpnff IO NA: NA 

Gant& I _ CPF/CA 14 .2.6f I.5 
et ai.” 2. CPF/CA DFDBA, I3 1.9st2.1 
1991 

Gal-it& s .d. f&p.gwa :; y;q 
.-1rl 

4 skw,z 
tits@ k +f$fCA 3*&i 3; - _. 
x%38’ 

Gk-l-Ztt I. DFDBA CPF, I6 2.7 % I .4 
et al.‘* 2. Duramater; RF. I5 2.3& I.1 
1990 or APF 

Garrett 1. DFDBA CPHCA I2 29f 1.1 
kt al.rn 2. DFDBAlePTFE, 14 1.6 i l-2 
i994 CPFiCA 

Mabry I. Allograft &DES.) 4 
et ai.% 2.FDBA/TET (kil 8 
1985 and systemic) 

3.OFD/TFT.. 7 
(systemic) 

4. OFb 3. NA 

2.2 f I.1 
1.S3t2.4 

NA NA NA 

CompleteXwfke dowe 
1.28 (222%).pl -+.O] 
2. U6 (33.3%) [Ii + OJ 
3.0110 (ose)- 

‘NA Partial bone clcsure 
-t.4/9 (44.4%) pt -3 tj 
2 4/6 @6,7%) pl, -3 lj 
~310 (50%) PI-3 I) 

soft tissw c~osuie 

NA .NA NA NA I. i/14 (7.1%) 
2.3/13$23.I%) 

NA 0.1 _+05 2.3zk 1.2 23i 1.2 I.906@6%) 
23115 (20%) 

28_+3.4 ’ Partial bone cbke 
NA NA 1.6~ I.6 NA I. Ill2 {8%) @I +- II] 

2.3114 (21%) PII 3 IfJ 
,.SoftTissw change 

1.4/12 (33%) 
2.4/14 (29%) _. 
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j Table 8. (continued) 
Mean Change in Clinical 0utcom.e Measures in Studies Examining Bone Replacement 
Grafts in the Treatment of Cl&is II and III Furcation Defects 

Reference Interventions N PD CAL REC. CR VDF HDF FC 

Peltzman9’ AutogenouJ 
1989 I. fibfvnectin 

Autogenous 

Pepelassi Class II defects 
et alp2 t.&TCJ$kterof Paris 
1992 & claxycyciine. CFF 

2. CPF 

Claa !I1 defects (buccal) 
I. p-TCP phosphate, 

1991 plaster of Paris & 
doxycycliie, CPF 

2. CPF 

Rosen= DFDBA/ e&E, CPF 
1989 DFDBA, CPF 

Rupprecht (Buccal data only) 
et alP3 I _ CPFKA with 
.2001 Hydroqiapatite 

: -1 cement. 
.’ 2. CPWCA 

Tetzne@ DFDBAlePTFE, CPF 
1997 DFDBA CPF 

Yukna94 
1994 

I. PMl”WPHEt’W  
CaOH,, CPF 

2. Autogenous 
osseous coagulum, 
CPF 

Yukna I. (PMWPHEMA 
et alP5 c;r,OH& CPF 
I997 (6-year follow-up 

of’stibgroup ftim 
reference $4) 

Yukna Bioactive glass, CPF 

:‘- ?) et alP6 ePTFE, CPF 
2pol ,. 

4 2.8* 1.17 0.40f 1.52 Ofnobone 
fill) 

4 1.6f1.62 O.OOf I.87 NA NA 0 (no bone MA -. NA 
fill) 

13 231 + I.77 1.88& 1.66 0.23f0.39 0.28f0.12 2331 1.33 3.41 zK1.91 

13 L5f: 156 057 f0.95 0.85f0.69 0.6OfO.iO 0.52i0.74 1.24 zkO.99 NA 
. 

7 2.43 zt 0.73 264 ct 0.69 0.26260.38 036It 0.1 I 2.4310.41 3.33f 1.40 

7 O.Srt1.04 0.431t 1.09 0.86CO.69 0.66&0.19 0.5650.45 -0.i6k0.15 NA 

6 0.57& 1.17 0.75f 1.16 0.87f0.99 -025k0.71 t.Of 1.07 
6 0.63 f0.74 0.62 f0.74 0.63&052 0.13f0.64 0.63 ltO5 

6 0.7 zk t .8 2.3 f 2.2 1.71 1.8 1.7&2.0 2.0 Tf 2.3 

3 -t.o+ 1.0 0.7f2.1 i.7zk 1.2 .0.3f0.6 0.7t I.2 

5 1.16+_ 1.27 1.7+0.9 l.0f0.6 0.7 f 0.6 2.9 rt I .2 
5 l.l8zk I.50 l.Zlk 1.3 0.7 +- 0.4 0.0 k 0.9 2.7 f I.3 

15, 21 f I.2 0.8& 3.4 13f I.1 oka+ 1.4 1265 I.4 

I5 1.9rt I.1 I.Ok I.2 0.8 f 1.6 0.4 + 0.9 1.7zIzu.7 

26 NSD to .NSD to NSb to tw NA 
Yukna94 YUkd4 Yukna94 

1.63f I.41 
l.00f0.53 

NA 

3.3f 1.0 
1.6f0.7 

19f I.2 

0;8 f 0.6 

NA 

NA 

Complete bone 
closure 

0 

0 

NA 

Complete bone 
ciasure 

Complete bone 
ciaslHF 

1.3/10 (30%). 
Part&l bone closure 
1.5it0(50%)[114fJ 

Respanse aver time 
‘1.8/10 improved 

from reentry;2110 
f-t?mhdthesame 
orworsened 

27 1.4+1.2 0.4 f-l.0 0.8 f I.2 0.3’s I.! 234 f I .03 I .4 + I .4 Complete bone 
27 I.1 +- 1.1 03 IO.9 o.tt* 1.1 0.7f0.7 0.78It 1.17 1.3f I.1 cl&u-e 

I .0/27 (0%) y-3 I] 
2.0/27(O%j # + I] 

Abbreviations: APF = apkally positioped flap; p-TCP = @tri&iium phq&te; CA = citric add; CAL = c&&al &a&n& kvef: CPF = ~&y ~0s~ 
flap; CR = cresta rexrrption: DFDBA = deniineralized freeze-drk&4 .bone albgrab: ePTFE = expanded polytetrafluoroethylene; FC = furcatjon &sure; .-A =. 
freeze-dried bone albra& HA = hydmxyapatite; HDF = horizontal defect fin; HP = horizcmtal probing deptb@FD = open flap d&$d.ement: HA = not av&&le; 
NS = not stated; PD = pmbingpepti REC = gingivai recession; RF = r+x.iti~ flap; TET = tetracycline; VDF = vertical defect fi#. 
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Tabte 9. 

Characteristi,cs of RCT Bone Replacement Graft Studies Not Submitted to Meta-Analysis 

A&revia&ms: A B M  = anorganic bone mineral matrix: CAL = clinical attachment~kvel: CR = crestal reskpthn: DFDBA = demineralized freeze&fed bone 
al)ograit; EMD = enamel matrix derivative; HI\ = hydroxyapatite; NS = not stated; OFB = open. Sap debridement; P- 15 = peptide 15, REC = gingivbl recession; 
VLlD = vertical defect depth. 

Table IO. 

Histologica! Outcomes Following Treatment of Periodontal. Osseous Defects 
with Bone Replacement Grafts 
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,-Table 9.(continued) 

Characteristics of RCT Bone R&placement Graft Studies Not Submitted to Meta-analysis 

Outcome Azessments 

Yes; calibrated examiner 

Yes; single examiner Bioactive &is< 
BioacGve glass + EMD 

Yes Yes Yes Yes Yes Urkersity/ 

industry 

. 
. . 

Table IO.(continued) 

Histological Outcomes.Following Treatment of Periodontal. Osseous Dkfects 
with Bone Replacement Grafts . . 
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Table IO. (continued) 

Histological Outcomes Following Treatment of Periodontal +seous Defects 
with Bone Replacement ‘Grafts 

NB -(mm). CT (mm) 
. ..- . . : ~ , . . . . _- 

Bone Replacement Graft + Barrier 
Hat-tG’78 1999 

Harris Ii9 Zoo0 

Harri~‘~ 2002 

Stahletal.‘8’ 1991 

ALL (DFDBA‘) + polymer FUR 
membrane 

ALL (OFOBA) +TET + ID 
potymermembrane 

ALL (OFDBA) + PHA + FUR 
ITT + polymer membrane 

.ALL (DFDBA} + ePTFE .I0 

Melidnigl 82 2000 A B M  -C coliagen membrane IO 
Nevins et al.‘03 2003 A B M  + collagen membrane IO 

Paolantonio et aLla 2OO~l 
Camelo,etaJ.‘842001 

A B M  + coltagen.membrane ID 
A B M  + AUJ + collagen ID 

membrane 
A B M  + collagen membrane ID 
PHA + ePTFE membrane ID 

Camelo et al.lw I998 
Stahl &  Froum’85 I99 I 

Stahl et al.’ 85 I99 1 

Nevins et al.‘03 2ooO 

PHA + ePWE membrane ID 

Bioactive glass + ePTFE 
membrane 

IO 

CN 3 

CN 2 

CN 3 

CN 4 

dli 4 
CN 2 

None I 
NBO 4 

NBD 2 
CN 7 

CN 7 

NBD 5 

NAA, NC, NB (2 S&es) USA 

fro evidence of NAA. NC. CT USA 

N&t (I Site) tf.NC,(2 sites) USA 

NC(0.1.5.I.7.1.3;mdata 
fw4) 

NB. NC, NM (iN 3/4) 
NAA (1.9. 1.7) NB(3.0.3.i) 

NC (2.2 I .9) 
No evidence of NAA 
NA.4 (4.7) NB (4.7> NC, (5.3) 

NC,NB,& 
NC, NB 5 sites; no evidence 

OfNAA 
NC (24,1.4,1.0,0.9, 1.0; 

rawdatafor7) 
-No evidence of NAA 

WA .. 

USA. 
WSA 

.bfY 
USA 

USA . 
USA 

LiSA 

USA 

Note. Nonsubmerged sites reported for Bowers et al.“. and Bowers et a1.‘0* 
Abbreviations: A B M  = anorganic bone mineral matrix; AU = allograft; AUT = autograft, CA = citric acid; CN = notch base calculus: CT = conrwtive t&q 
DFDBA = demineralized freeze-dried bone aIlogr& @ W E  = expanded polytetrsfkomethylene; FDBA = freeze-dried bone allograft; FGG = free giiigfval gmff; 
FUR = class II furcation: tiA = hydroxyapatite; NAA = new attachment apparatus; NE3 = new bone; NBC = notch base crest; NBD = notch base defect; NC = new 
cementurn; NS = not ststed; OFD = open nap debridement; W A  = porous hydroxyapatitq FWWPHEMA.  C&Hz = polymethacrylate + hydroxyethyl- 
methacrylate + calcium hydroxide polymer RP = root planing bevel; p-TCP = tricalcium phosphate; TET = tetracycline. 

procedures or other surgical approaches-k the treat- 
ment of furcation defects;35.36t25,48,‘8.85-88,90-96 Only 7 
randomized controlled studies meeting entry criteria 
compared BRGs to OFD.48*58~!$8”~90*g2*g” However, 
the frequency and distribution of grafts and interven- 
tions, as well as furcation defect types across studies, 
precluded the application of meta-analysis. Therefore, 
there was no inherent basis for clustering or grouping 
of studies to compare treatment outcomes among 
graft& or between grafts and other interventions. 

Overall probing depth reductions for the Class. 11 
defects ranged from 1.9 m m  .to 2.31 m m  for BRGs com- 
pared to 0 m m  to 1.8 m m  for OFD atone.87*w*gf For 
Class 111 defects,’ BRGs produced a change of 0.7 m m  
to 2.43 m m , as opposed to the controls, which attained 
a probing depth change of -1 .O to 2.6 m m .86Fg2*g3 
Clinical attachment .level changes were similar for 
mandibular Class II and III defkcts, ranging from approxi- 
mately 13 m m  to 2.5 m m  for grafted sites corn@ared 
to 0 m m  to 1.5 m m  for OFD controls: The resuits of 
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these studies suggest that BRGs alone add relatively .. 
modest~clinical benefits in the Watment of.Cliiss II and 
III furcation defects, f complete furcation &sure is.the 
desired endpoint of therapy... Other ev&n<e-ba.sed 
reviews have concluded that comb&ration therapies . 
(BRG-GTR) are superior to. either ,theraRy alone-in the 
management of Class Ii furcation defects.125~*26 

The successful closure of Class It furcation defects 
remains an attainable but challen$ng dir&al goal.*26 
Multiple ctini$al : factors are considered important in 
achieving a successful rtigenerative outcome, such as. 
plaque control,* smoking,1~7-13* and defect/root mar-’ 
phology.132‘134 Regardless of theraReutk approach, 
multiple patient-, site-, and’ treatment-related factors 
influence the predictability of achieving .furcation’ cfo- 
sure.t*1X*132~135-137 Bowers and coworkers recently 
examined the relationship of multiple factors to the 
clinical closure of randomly select&d mandibular Class 
II furcations following treatment with DFDBA ‘and ‘a 
nonabsorbable membrane after 1 y.ear.‘%  Complete 



clinical closure was achieved in 74% of at1 sites. The 
results of this study revealed that increases in verti- 

‘cal bone loss, horizontal bone loss, and root diver- 
gence were associated with monotonic decreases in 
the percentage of sites demonstrating complete clinical 
closure. The lowest frequency of complete closure 
was found for defects with vertical or horizontal bone 
loss of >5 mm. These findings provide /mportant prpg- 
nostic information regarding the influence~of patient-, 
site- , and treatment-related factors on the clinical 
closu.re of f&cation defects following combination ther- 
apy. Further, the results suggest that clinical trials 
involving furcation defects must include substantially 
larger sample sizes and/or adjust for group differences 
in factors impacting on treatment outcome. Future 
studies are necessary to further characterize the indi- 
vidual and collective contribution of such factors to 
treatment outcome. 

-) 
stantially fewer controlled studies were eligible for inclu- 
sion and analysis. To compensate for potential errors 
in summary statistics (i.e., variance estimates), &ud- 
ies were weighted in this.meta-analysis according to 

The overall conclusionsof this-systematic review are 
consistent with those of an earlier’ evidence-based 
review, which examined randomized, controlled clinical 
trials .of at ‘least 6:months duration ‘comparing graft 
materials to OFD in intraosseous defects.r3* The results 
of the meta-analysis ‘indicated significantly greater 
improvements in CAL following grafting with coralline 
calcium carbonate, bioactive glass, and f-IA compared 
to OFD alone- Additionally,.significantly greater reduc- 
tions in PD were found for bone ailograft, bioactive glass, 
and hydroxyapatite than for OFD alone. However, sig- 
nificant heterogeneity was associated with outcome 
measures across studies. lntrabsseous (bone) fill was not 
submitted to meta-analysis due to the small number of 
qualifying studies. The results of the present meta- 
analysis revealed significant improvements in bone fill 
for each BRG material, except bioactive glass, relative 
to OFD. Moreover, allografts also were found to result 
in significant imprcvements in CAL compared to OFD. 
Thus, the resufts of this meta-analysis corroborate and 
extend those reported by Trombelli et ai.J.38. 

This systematic review differed ,with respect to inciu- 
sion criterfa from that of Trombelli and coworkers, ‘-3s 
which permitted the qualification of a larger number of 
controlled studios in the current analysis; Jn the ‘pre- 
sent review, all controlled clinical trials providing mean 
scores and variance‘estimates for outcome measures 
were reviewed for inclusion, regardless of the unit of 
analysis- In contrast, Trombelli etal. only included 
qualified controfled studies in \;;kich the defect/site, 
not the patient, was regarded as the unit of measure 
in the original statistical analysis. Consequently, sub- 

the number of participants contributing defects/sites in 
each intervention arm’ or .group. Each participant, 
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therefore, \tas considered the unit of measure for pur-. 
poses of analysis. Multiple defects/sites within a patient 
were considered to provide a “pooled” estimate of the 
true outcqme value for the individual. This analytical 
approach permitted a more inclusive, and presumably 
more balanced, evaluation of available randomized 
controlled studies. 

Although most literature reviews conclude that grafts 
are clinically beneficial in the treatment of intrabony 
defects 1-2*‘26-13g-J41 some have questioned the ciini- 
cat significance of gains relative to other regenerative 
procedures.3 Effect-size estimates for each BRG were 
calculated for clinical outcome measures from studies 
submitted to meta-analysis in this review- Estimates 
for each clinica parameter reflect adjustment for cor- 
responding changes in the OFD group/arm. Most bone 
grafts yielded-improvements of 1 to 2 mm on averaGe. 
in bone fill above that obtained with OFD. Gains ins clin- 
ical attachment level and reductions in probin depth, 
however, were generally 0.5‘to 1 mm superior to those 
improvements achieved with OFD. Thus, compared to . 
OFD, BRGs appear to. support greater improvements 
in hard tissue (bone fill) than soft -tissue parameters 
(CAL and PD). In the presence of excellent plaque con-. 
trol during wound healing, OFD procedures clearly sup- 
port substanfiat gains in CAL and reductions in PD, 
attributable primarily to repair via a long junctional 
epithelial attachment.3J-J01-J02-142 

Literature-based estimates of bone, ,611 range from 
2.3 to 3.0 mm or 60% of the defect following grafting 
of intrabony defects. 2t143’Such effectsite estimates 
do not adjust for differences obtained in the compar- 
ison group (e.g., OFD). Laurell, et al.3 reviewed all 
observational and controlled studies published during 
the prior 20 years on the surgical treatment of intra- 
bony defects with OFD, G-f-R, and. bone grafts (DFDBA, 
FDBA, or autogeirous bone). When collapsing across 
studies, defect fill was found to be positively corm- 
iated to initial defect depth foltowfng OFD and graft- 
ing procedures, as reported’ by .others. Importantly, -. 
summary statistics ‘provided in this exhaustive review 
.highlight important differences among regenerative . 
studies with respect to average initial defect depths; . 
OFD (4:3 mm), bone grafts (3.8 mm), and’GTR 58 
mm). Importantly, the magnitude of the differences in. ’ : 
mean defect fill. parallel i&al. differences. in aver&e .. . _ 
pretreatmentdefect depth: OF% (1.1 mm), bone grafts 
(2r2 mm); and GTR (3.2.mm). Thus, comparative esti- 
mates of tre&rnent~effect-size based on literature-based 
statistics are difficult to cdmpare and vdnerable to 
confounding.‘P4 

. ;_ 

The goals of regenerative therapy include patient-. 
centered -outcomes, such as esthetics, ease of personal 
and professional care, incidence of disease recurrence, ._ 
and incidence of tooth loss. In get&al; the. review 

- reveaied a paucity of documented information related 
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I to patient-centered outcomes. .Insufficient clinical data 
we& available to assess the effects of bone grafts on 
gingival recession relative to other treatments; how; 
ever, bone.grafts were associated with significantly less 
cresta) bone loss than OFD procedures, consistent with 
a potenf.iai)y more favorable esthetic outcome. DOCU- 

mentation regarding adverse outcomes is common& 
. but incompletely reported. In this review, graft e?foJia- 

tion was found to be the most cominon untoward event, 
The need for prospective studies on the.long-term  

maintenance of regenerated sites has been identifiedin 
earlier evidence-based reviews.‘45 Currently, few con: 
trolled studies provide comparative data on the long- 
term  retention of clinical outcomes fotlowing treatment 
of peiiodontal osseous defects with bone replacement 
grafQ,32-3%9%98 G enerally, longitudinal &valuations 
have demonstrated the stability of early‘ clinfcal” 
improvements beyond 3 years. Longitudinal data from  
one clinical trial32*34 provided soft tissue assessmen@ 
of int.rabony sit& treated with OFD or bovine-derived 

. hydroxyapatite matrix. Forty percent of the sites treated 
with OFJI lost-attachment over the 5-year period, 
whereas two-thirds of the sites grafted with hydroxy- 
apatite gained attachment over the same intervat.34 
Fiemmig and coworker& reported significantly greater 
bone fili and gains in CAL intrabony sites grafted with 
demineralized bone allograft (AAA bone) cdmp&-ed,to 
control defects treated by modified Widman flap surgery 
at both 6- and 36-month evaluations. improvements 
in clinicsil measures remained stabie over time. Lbngi- 
tudinal studies of osseous graft: procedures alone or in 
combination with GTR- generally report positive’ niain- 
tenance of clinical outcome parameters.‘3*~146 Patient 
compliance with oral hygiene measures and frequent 
periodontal maintenance appear critical for optimal 
wound healing and maintenance of long-term  thera- 
peutic success following regenerative therapy..‘23*?47**48 
Smoking appears to increase the risk fpr periodontal 
breakdown following regenerative treatments.13f?8 
Future studieg are necessary to establish the stability 
of ‘clinical outtiomes ‘achieved. with ‘grating relative to 
other treatment i$erventions.. ‘. 

The results of this meta-analysis indicate t&t several 
classes of BRGs support comparable- outcomes ‘with 
respect t;O clinical parameters, such as bone fill. How- 
ever, within the context of regener&ve outcomes, inter- 
pretatidn of itiprovemeiits in clinical parameters is 
incomplete without consideration of wound healing on 
a hist’ological level. Numerous case reports provide his- 
tological data obtai@ from  excisional biopsy speci- 
mens. HoweLer, only 2 series of randomized controlled 
studies were identified that provide histological data?!*1o* 
Bowers and colleagues reported compel&l histologi- 
cal documentation in humans that particulate DF-DBA 
supports the formation bf a new attachment z$p&atus, 
including new bone, cementum, and periodontal liia- 
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ment, when placed in intrabony defects.3’*‘0’ In con- 
trast, OFD has been found to result in Periodontal repair 
characterized Primarily by the formation of a long junc- 
tional epithelial attatihment?‘*‘0’~‘02 consistent with the 
results of others.‘42 A review of other histological data 
also provides strong evidence that autogenous bone 
grafts. support the formation of new attachment appa- 
ratus. Limited but well-substantiated evidence also iridi- 
cates that xenogenic bone m ineral matrixloq arid bovine 
collagen/mineralized bovine bone ma&lo3 possess the 
capacity to induce regeneration in intrabony defects. 1; 
contrast, available data indicate that altdplastic grafts 
support periodontal repair rather than regeireration. 

current eviderice suggests that most postoperative 
improverirents in clinical outcome are maintainabfe in 
the presence of compliance with oral hygikne mea- 
Sur& and- frequent periodontal maintenance. What 
remains unclear, however, is whether the natuie of the 
healed wound; e.g., a new attachment apparatus ver- 
sus long junctional epithelial attachment, influences 
the stability of clinical improvements in the presence 
of risk factors for periodontal breakdown. . 

REVIEWERS’ CONCLUSIONS 
1. Bone replacement grafts generally increase bone 

level, reduce crestal bone loss, increase clinical attach- 
ment level, and reduce probing depth compared to 
OFD procedures in the treatment of intrabony defects. 

2. Hydroxyapatite and bone allograft provide sim ilar: 
improvements’in clinical measures in the treatment of 
intrabbny defects. 

3. The combination of bone grafts and barrier rnem- 
branes may provide superior clinical outcomes than 
grafts alone in the treatment of intrabony defects. 

4. Insufficient studies of comparable d&sign Bie 
available for meta-analytical comparison of treatment 

~~~results for furcation defects. 
5. Histological evidence indicates that autogefious . 

‘bone and DFDBA support the formation of a new __ 
attachment appar&us. 

6. Histological evidence indicates that allopiastic grafts 
support periodbntal r&air rather than regeneration. 
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APPENDJX A 
CONSENSUS R1EPORT 

Members of the Section read and studied the review 
titled Yhe Efficacy of Bone Replacement Grafts in 
the Treatment of Periodontal Osseous Defects,” by 
Mark Reynolds, Mary Elizabeth Aichelmann-.Reidy, 
Grishondra L. Branch-Mays, and John C. Gunsotley. 
The focused PlCO question addies$ed by this evidence- 
based, systematic review is: .“ln patients with berio- 
dontal osseous defects, what is the effect of bone 
replacement- grafts compared to other interventions on 
clinical, radiographic, adverse, and patient-centered 
outcomes?* ‘ 

IN7RODUCTION 
The bibliographical databases MEDLJNE and EMEsASE 
were searched by a group of reviewers for studies in 
which bone replacement grafts were compared to other 
surgical interv&ntions in ‘the treatment of periodontal 
osseous defects. The search.was limited to human 
studies in English language publications using the 
search strategy with qualifier terminology. EMBASE 
was seaiched using more restrictive thesaurus terms 
(bone grafts; periodontal) and key words (intrabony, 
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intrabony intraosseous, and f&cation) with all affixes 
and inflectional endings, for publicati?ns not catalogued 
in MEDLtNE. These searches were sup$emented by 
screening review articles and reference lists of retrieved 
articles as wet1 as hand searches of-the Intei-national 
Journal of Periodontics G Restorative Dent&-y, Jouc- . 
nal of Clinical Periodontobgy, Journal of Periodontol- 
ogy, and Journal of Periodontal Reseakh. Section 
members evaluated the manuscript that summarized 
this information and in open forum evaluated the con- 
clusions brought forth from this review: 

1. Does ihe Section agree that the evidence-based 
systematic review is complete and accurate? 
The Section was in compl&te agreement that the sys- 
tematic review was complete and accurat& 

2. Has any new information been generated 
or discovered since the &dence-based search 
cut-off date? 
Qe Section reviewed the literature sinize the cut-off 
date of April 1, 2002 and 1 citaGon, Trombelli et al.,’ 
was identified. This puf>lication included. a meta-analysis 
of randomized controlled clinical trials (RCTs) com- 
paring the adjunctive effect of grafting materials with 
open flap debridement (OFD) in the treatrrient of deep 
intraosseous defects. That review examined only RCFs . 
of at. least 6-months duratior! where’ the patient, not 
the defect/site, was regarded as the unit of measure. 
Meta-anslysis showed that clinical attachment level 
(CAL) change’ significantly improve’a after treatment 
for coralline calcium carbonate (weighted m&an dif- 
ference 0.90 mm; 95% confidence interval [Cl]: 0.53 
to 1.27), bioactive glass (weighted mean difference 
1.04 mm; 95% Cl: 0.31 to l-76), and hydioxyapatite 
(HA} (weighted mean difference.l.40 nim;95% 0 0.64 
to 2.16):Heterogeneity in results between studies was 
statistically significant fqr: !-lA arid l+iactiye glass. The. 
authors coricluded that overail, the use of specific bio: 
materials was more effecti+e than OFD in improving 
clinical attachment levels inintraosstius defects. .With 
respect to CAL, the results of the meta-analysis are 
consistent with the conclusions of the present review 
regarding coralline calcium carbonate, bioa&e glass, 
and HA implants. However, due to differences in inclu- 
sion criteria, the present systematic review @luded a 
larger number of l?CT‘studies; classificz&on of alto- 
grafts for analysis, and clinical outcome paraeetcrs 

. examined (i.e., bone fill, crestal resorption, and gingi- 
val recession); the present review provides important 
additional results. 

-3. Does the section agree with the @erpret+ions 
and conclusions of the reviewers? 

. The Section agreed with the interpretations and con- 
clusions of the review. 



4. What further research needs to be done relative to 
the focused questions of the evidence-based review? 
It was the consensus of the Section that the following 
research needs should be addressed: 

1. Perform prospective long-term (3 years or longer) 
studies on treatment outcomes (e.g.,.CAL gains, prob- 
ing Pepth .reduction,s, and bone level improvements) 
to determine their stability. 

2. Evaluate the effects of the treatment on patient- 
centered outcomes (e.g., comfort, esthetics, ease of 
maintenance, function, tooth retention, and systemic 
status) to enhance patient acceptance. 

3. Investigate morphologic factors that influence 
treatment outcomes to provide guidelines for the ther- 
apist that enhance predictability. 

4. Perform more investigations of maxillary furca- - 
tion defects. _, 

increase bone level, reduce crestaf bone loss, increase 
clinical attachment level, and reduce probing depth 
compared to open flap debridement procedures in the 
treatment of infrabony defects. 

Level of Evidence: Strong. 
Rationale: Assignment of a “strong” level of evi- 

dence is based on multiple RCTs (32. of 36 studies) 
providing clinical outcomes that are consistent with 
this conclusion. 

5. Identify the role of‘systemic, acquired, or envi- 
ronmental risk factors (e.g., smoking, diabetes) that 
influence treatment outcomes. 

6. Perform studies that assess factors that affect 
clinical predictability ,(e.g., presurgical management, 
intramarrow penetration, ff ap design, root preparation, 
operator experience, postsurgical management), 

7. Randomized controlled trials on combination ther- 
apies that include a bone graft. 

8. Trials that compare bone grafts with non-surgi- 
cal therapy in patients with multiple sites of intrabony 
and/or furcation defects. 

C. There is evidence to support the use of the fol- 
lowing bone graft materials for periodontal regknera- 
tion: autogenous bone, DFDBA in combination with 
an absorbable polyiactide barrier, anorganic bovine 
bone, anorganic bovine.bone-collagen,. and anorganic 
bovine bone with pePtide attachment factor. 

Level of Evidence: Limited- 
Rationale: Assignment of. a “limited” level of evi- 

dence is based on a small number of RCTs that pro- 
vide clinical. outcome data and uncontrolled human 
histologic studies. that demonstrate proof of principle. 

D. The evidence suppar& the use of porous hydrox- 
yapatite and bone aflograft to achieve similarimprove- 
ments in clinical measures when treating intrabony * 
defects. 

The Section further recommends that publications 
reporting.the results of RCTS specify the primary and 
secondary outcome measures, inclusion/exclusion cri- 
teria; randomization procedures; allocation conceal- 
ment; evaluator masking; calibration; and summary 
statistics including means, variance estimates, and fre- 
quency distributions for outcome measures (including 
furcation closure); Publications .on this topic should 
also include estimates of treatment magnitudes, treat- 
ment PredictabiliQi, adverse events within the trial {.e.g., 

. root resorption, root sensitivity, ankyfosis), risk/bene- 
fit ratio, and specification of graft bioactivity and source 
of the graft to‘assist in interpretation across studies. 

Level of Evidence: Moderate. 
Rationale: Assignment of a.“moderate” level of evi- 

dence is based on 4 RCT& demonstrating nonsignifi- .’ 
cant differences between groups. 

E. There is evidence to support the use of combi- 
nation therapy (i.e., bone graft and barrier membrane) 
to provide superior clinical outcomes than bone graft 
alone in the treatment of intrtibony defects. 

Leve? of Evidence: Limited. 
Rationale: Assignment of a “limited” level of evi- 

dence is based on 4 small RCTs, comparing different 
g&t/membrane combinations that generally found more .. 
favorable outcomes with adjunctive use of a barrier. . 

5. ,How.can the information from the evidence- 
based review be applied to patient management? 
The consensus of the Section was to reafhrm the criteria 
for periodontal regeneration that were stated in the Pro- 
ceedings of the 199’6 World Workshop in Periodontics.* 

A. The evidence supports the.use of demineralized 
freeze-dried bone alfograft (DFDBA) as a periodontal 
regenerative material in patients. . 

Level of. Evidence:3 Strong. 
Rationale:. There are well-designed RCTs providing 

both histological and clinical outcomes which are con- 
sistent with this conclusion. There are 2 histologic RCTs 
anda clinical RCTs to support this. _^ Bku03412 
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z Background: Regeneration of tooth-supporting structur& destroyed by periodontitis .is a major goal of 1. 
1 periodontal therapy. Periodontal tissue engineering utilizing growth and amelbgenin-like .factors (ClAFs). 1 I 
i applies advances in materials science and biology to regenerate alveolar bone, periodontal ligament, and. 1 
i cementurn. Amelogenin-like factors (e.g., enamel matrix derivative [EMD]) and .growth factors (e.g., platelet- i 
! derived growth factor [PDGF] and bone morPhogenetic proteins [BMPs, also considered morphogens]) have ! 
j demonstrated pleotrophic effects on the stimulation. ,of. several key events required for tissue regeneration 1 
i including DNA synthesis, chemotaxis, differentiation, and mat-rix synthesis, 

Rationale: GAFs have been used for the treatmentof periodontal disease as shown in preclinical and ctin- 1 , 
-.. . 

\ ical studies- This systematic review evaluates the evidence to support the utilization of EMD- and growth -j 
: factors (GFs) for periodontal repair and regeneration‘ associated &with natural teeth. i . 

Focused Question: In patients with periodontal osseous defects, what i’s the effect of GAFs compared 1 
! with controls on clinical, radiographic, histologic, adverse, and patient-centered outcomes? i 

Search Protocol: Two investigators searched .MEDLlNE, pro-MEDdNE, and the Cochrane Oral Health 1 
: Group tria!s register for clinical and preclinitial studies published in English. Hand searches were performed j - 

on the International Journal of Periodontics &d Restora five Den W ry, Journal of CIinicaZ Periodon tofog& dour- ; 
i ml  of&ntaCResearch, Journal‘of Periodontology, and Journat of Periodont+l Research. Searches were Per- f 
; formed for articles published through April 2002..ln addition, investigators contacted manufacturers of GAF 1. 
; products for related unpublished data and studies in progress. 

Selection Criteria 
i _- , 

Inclusion criteria: Randomized controlled clinical trials (RCTs), cohort studies, case-control studies, case i 
j reports, and preclinical (animal). randomized controlled investigations that included a cohort population I . . 
:i diagnosed with periodontal disease and presenting data on intrabony/jnterproximal defects and/or furca- .\ 
i tion defects were screened. _ I 
! Exclusion criteria: In vitro studies or those that did not include quantifiable data with re&pect to clinical ; 
: or bone measures were not includ:ed. f -; 

Data Col!ection and Analysis: Met&analyses were performed.f& studies that fulfilled the eligibility cri: 1 
: 

i teria for the following continuous variables: clinical ~attachment level {CAL), probing depth {PD), ‘or bone 1. 
: level (radiographic, re-e&y, or histologic). Heterogeneity was asses$ed to determine whether the differences ; 
I among therapies were due to systematic confounding factors (as noted in study quality assessments). 1 

Main Results 
1. Eight studies, representing 7 RCTs and 1 quasi-experimental study, representing a total Population of [ 

511 ‘subjetits were analyzed with respect to EMD. .. .i 
2. The majority of the remaining papers’, had a -tow evidence rating- I 

3. Most reports were case studies or case series without controls. 
.i I 

4. There were insufficient data to,conduct a meta-analysis on the effect of brow& factors used in ~eri- 1 
I 

odontal repair around teeth. 
Reviewers’ Conclusions 

. i .i 

1. There is evidence supporting the use of EMD for periodontal osseous defects to improve CAL and reduce i 
i 

; PD, although long-term benefits have not been established. i 
i 2. EMD has demonstratednotable consistency among the studies inv&gated jn terms of superiority to‘. ! 1 
i controls (in general compared’to open flap debridement [OFDJ), _ .i 
‘-___- ----__--.----.--_-- ._.___ - -.--.A-.. _-_.I_-_____. -.-- . !. 
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3. EMD appears to be safe for single and multi- \ 
ple administrations in terms of lack of elicitation of i 
antibody responses or other local/systemic i&lam- \ 
rnatory events. 

4. Prec)lnfcal and initial clinical data for growth : 
factors appear promising but are insufficient to : 
draw definitive conclusions at this time. 
Ann Periodon to1 2003;8: 193-204. 
KEY WORDS 
Bone morphogenetic proteins; enamel matrix ; 
derivative; growth factors, platelet-derived; 
periodontal diseases/therapy; review literature; : 
meta-analysis.. 
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BAC.KGROUND 
Growth factors (GFs) are natural biological mediators 
that regulate crucial ceiiuiar events involved ln tissue 
repair, such as DNA synthesis, chemotaxis, differenti- 
ation, and matrix synthesis.’ Examples of GFs used 
experimentally to treat periodontal disease include 
platelet-derived growth factor (PDGF), transforming 
growth factor-beta (TGF-O), basic fibroblast growth fac- 
tor (FGF-2), insulin-like growth factor- I (IGF- l), bone 
morphogenetic proteins (BMPs), vascular endothetiai 
growth factor (VEGF), and parathyroid hormone (tiH). 

Enamel matrix proteins or enamel matrix derivative 
(EMD) have also been suggested to promote peri- 
odontal regeneration by way of mimicking the specific 
events that occur during the development of the peri- 
odontium. Developing enamel matrix consists mostly 
of proteins derived from the ameiogenin gene (go%), 
with the remainder comprised of amelin (shethiin, 
ameiobiastin) (-8%), enameiin (-2%), enzymes, and 
serum proteins2 in contrast, &D is composed of amei- 
ogenins, with metalioendoprotease’and serine protease 
activity, but minimal to no “non-ameiogenin”-like pro- 
teins3 Although it is still necessary to further clarify 
the role-of- EMD in epitheiiai-mesenchymal interactions, 
these proteins promote periodontal wound healjng as 
shown in multiple investigations {see this review), UvlD 
is currently the only biologic that is commercially avaii- 
able for human use, although other GFs are in Larlous 
stages of development. 

RATiONALE 
GA% have been used for the treatment of periodontal dis- 
ease as shown in preciinicai and ciinicai studies. This 
systematic review evaluates the evidence to support the 
utilization of EMD and growth factors (GFs) for periodontal 
repair and regeneration associated with natural teeth. 

FOCUSED QUESTlON 
In patients with periodontal osseous defects, what is the 
effect of- GAFs compared with controls on clinjcai, 
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. 
radiographic, histologic, adverse, and patient-centered 
outcomes? 

SEARCW PRO-iOCOL 
The two authors (WG- and .MS) searched for preciinicai 
and clinical studies in the English language utliiing MED- 
UNE, Pre-rj\EDuNE arid.the Cochrane Oral Health Group 
trials register (CCTR) as the on-line databases. Pub- 
lications up to April 2002 were selected ‘based on the 
following search terms: “Attachment factors,,” “basic 
fibrobiast growth factors” (bFGF or FGF-21, “bone 
morphogenetic proteins” (BW5) ; “differentiation fac- 
tors, ” “enamel matrix proteins,” “epidermai growth 
factors: (EGF), “growth factors,” “insulin-like growth f&z- 
ton? (IGF-1, -2, or IGF), “parathyroidhormone” (Pfli), 
“platelet-derived gmwth factor” (PDGF), “osteoinductlve 
factors,* * periodontal tiound healing,” “periodontal. re- 
generation,” “t&sue engineering,” “transforming growth 
factor-beta” (TGF-beta), and “vascular endotheiial gm@ 
factor” (VEGF). Ail of the search terms were meshed 
with WPerlodontal.W 

A hand search was Performed to in&de the Inter- 
national Journal of Periodontics and R&tom&e Den- 
tistry, Journal of Clinical ljeriodo~tology, Journ& of. 
Deotal Resemch,‘Jourriat of Pq-iodontal Research, and 
Journal of Perbdontofogy as well as discusSions with 
representative3 of companies developing GAFs for 
periodontal use.. Foil~win~ this, abstracts of. articles 
derived from this broad search were screened and per- 
tinent publications were further reviewed on a full-text 
format. Final selection was based on predetermined 
inciusion’tind exciusion criteria. 

Inclusion criteria: initiaily, randomized controlled clin- 
ical.triais (RCTs), cohort studies, case-control studies, 
case reports and pre&nicai (animal) randomized con-. 
troi +nvestigations were screened; Reviewed pubiica- 
tions induhed a cohort population diagnosed with- 
periodontal disease as well as presenting With peri- 
odontal osseous defects. For the animal data, only Rffs’ 
were pie-selected. Acdordingiy,:the following therapeu-. 
tic interventions were integrated in the analysis: utiii&- 
tion of GAFs versus open flap debridement (OFD), car- 
rier or vehicle controls; GAFs in conjunction with guided 
tissue regeneration (GTR) verstis OFD,.carrier or vehi- 
cle controls; GAFs in conjunction with bone repiace- 
ment grafts, @RGs) versus OFD, tarrier .or vehicle 
controls; GAFs ‘in conjtinction with root conditioning 
versus OR), carrier or vehicle controls; and stud-+ with. 
no treatment co&r&. or scaling and root planing alone. 

Exclusion criteria: In vitro studies or those that did 
not include quantifiable data with respect to clinical or 
bone measure% were not included. _- 
$&comes 
The criteria of efficacy of CAFs’compared to controls 
were based on defined clinical outcome measures. 
These outcomes were weighted on. clinical relevance 



Giannobile So 

and they were selected prior to initializatiun of the 
search. Hence, primary outcomes considered were 
changes in cljnical attachment levels (CAL), changes 
in radiographic bone density or linear bone height, 
changes based on direct measurement of bone levels 
obtained at surgical re-entry, and histological measures 
of periodontal regeneration (i.e., new bone density, new 
bone height, length of new cementum, and length of 
new attachment). Secbndary outcomes were considered 
probing depth changes (RD), gingival recession changes 
(REC), changes in tooth mobility, and changes in oral 

. hygiene efficacy and compliance. In addition, patient- 
centered outcomes were considered including surgical 
complications, ease of maintenance based on residual 
PD, disease control (incidence of relapsing or recur- 
rent disease), and ability to support prostheses.. Finally; 
adverse outcomes considered were pain, tooth hyper- 
se&tivity, sweliing, soft tissue dehiscences, secondary 
infection, antibody formation to recombinant molecules, 
clinical foreign body reactions, and ankylosis. 

Data. Collection and Analysis 
During the search, reviewed studies received a prede- 
termined scoring proposed by the investigators. They 
were based on the quality of the study methodofogy as 
follows: randomized controlled clinical trials: Level 1; 
quasi-experimental. studies (e.g., no randomization): 
Level 2; controlled observational studies (i.e., case-control 
and cohort studies): Level 3; observational studies (with- 
out control groups): Level 4; and randomized’preclinicdl 
controlled trials (animal) studies (PCRCTs): Level 5. 

The quality assessment of each study was measured 
using guidelines from Consolidated Standards of Report- 
ing Trials (CONSORT) and the Quality of Reporting of 
Meta-analyses (QUOROM). Meta-analyses were per- 
formed for studies that fulfilled the eligibility criteria 
and the following continuous variables: CAL, PD, or 

hone level {radiographic, re-entry, or histologic). Het-- 
erogeneity was assessed to determine whether the 

.differences among therapies were due to systematic 
confounding factors (as noted in study quality assess- 
ments). Cohen’s d {unadjusted) and Hedges g (adjusted) 
were used to test for heterogeneity.4*5 

RESULT& 
A total of 559 articles were identified initialiy among those 
published UP to April 2002. In vitro studies or those that 

.did not possess quantifiable data with respect to clinical 
measures or bone measures of regeneration were elimji 
nated. There remained 60 studies that fuffilled the c&e- 
ria- set forth by the search protocol. Three studies were 
based OR bFGF,6‘8 1 I on BMPs,~-‘~ 37 on enamel matrix 
derivative ( FMD),a-?6 5 on PDGF or PDGF/IGF- 1 ,s7-61 
and 4 others with combined GFs.~*~~~ On the prelimi- 
nary inspection of these potential studies, it was noticed 
that significant variability existed regarding their rnethod- 
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ology, including objectives, methods of investigation (i.e., 
lack of randomization or masking), and data collection. In 
addition, it is important to note that most of the growth 
factors availabte for investigation are currently not 
approved for human utilization. For this reason, with the 
exception of EMD studies, the vast majority of the initially 
screened articles were based on animal data, where clin- 
ical effiqacy has not been validated. Only 2 o& of the 
23 studies utilizing GAFs other than EMD have published 
results based on human investigati&rs.1g~61 Review of 
animal trials revealed a vast heterogeneous methodology. 
Consequently, after statistica analysis, it was concluded a 
that animal data were insufficient for a meta-analysis. 
This was due mainly to the differing study designs, out- 
come variables,, and inconsistent dose levels tested. 

With respect to human trials, a total of 32 studies 
were initially identified. When these studies were strati- 
fied by GAF type, 30 out of 32 involved the utilization 
of EMD. One involved 6 Phase I/II clinical trial utilizing 
a combination of PDGF-BB and IGF-1 for treatment of 
periodontal osseous defect@’ and the other a study of 
a human-derived, partially-purified BMP (osteogenin) 
for regeneration of submerged and nonsubmerged peri- 
odontal lesions.1g After careful review of each study, it 
was demonstrated that the majority of human trials in 
the literature were based on non-controlled methodqlo- 
gies. The heterogeneity of the reports precluded any 
meaning&l pooling of the data from these reports, or any 
attempt at a meta-analysis of the data. Consequently, the 
structure of this review, originally intended to be a sys- 
tematic review, was modified to summarize the perti- 
nent literature relating to BMD. Only 8 studies out of the 
32 demonstrated sufficient data to be considered in a’ 
meta-analysis.22*25~~~46*52*65*66 The data obtained from 
these 8 trials were based on RCTs (Level I) or quasi- 
exPerimentril (Level 2) and are summarized in Table 1. 
i-her&were suffident data to &play changes in PD and 
CAL in all of the mentioned studies. - 

. 

Of the 8 studies that were eventually’considered in 
the analyses, 7 were RCTs and one was a quasi-exper- 
imental study (Table, I)* .These studies allowed meta- 
analysis for CAL gain and PD reduction and for forest 
plot analysis shown in Figures 1 and 2. In general, the 
studies’ report highly consistent and statistica,lly sig- 
nificant results‘ demonstrating marked improvements. 
in CAL gain, PD reduction, and osseous defect fill -as 
measured radiographically. 

Figure 1 demonstrates results f6r probing depth for 
the 8 studies. By 2 different methods Cohen’s d atid _ 
Hedges g heterogeneity was statistically significant. 
Normally d statistically significant result for hetero- 
geneity would suggest that the studies should not be 
put together for a me&analysis. However, in this case 
all of tie studies were positive (favoring.EMD) and 6 
out of the 8 favored were statistically significant. If the 
2 most positive -studie&?? are removed from the. 
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Table 1. 

St&lies Evaluating the Effect of Enamel Matrix Derivative on Repair of Periodontal 
Osseous Defects 

_’ .., . .- 
sjbestri etil.52 RCC 30 subjects Control: M W F  APD, ACAL Ai& University and I 

2000 Parallel Group I9 females Tek EMD company 
3 treatment groups Mean age 46 
I2 months duration 

.’ ,RcT I 
-2ooi‘ .__, 

“56 i&je& Contthl: Flap AP& Aptaquq, IhG!, 
Parallel group 32 feniaies -Tesb EMD. . ACAb AREC 

.Mot @n 

‘4 ?r&@dGi g&s 
< -_ 

.M& age 36 
,_ I2:months’5&-atiorl 

Toneti et al. 6s RCT I72 subjects Control: Papilla APD, &CAL. AREC University and I 
2002 Parallel group I2 test centers preservation company 

2 treatment groups I 66 completed surgery 
I2 months duration Mean age 48 TestzEMD 

analysis, the resulting analysis is highly significant for 
the effect of EkID and the heterogeneity .is non-sig- 
nificant. Thus,’ the heterogeneity does -not bring into 
question whether-END is effective, since virtually al1 
of the studies are positive, but only brings into ques- 
tidn the estimate of the size of effect. There was a 
similar result for attachment level {Fig. 2): In this-case, 
the removal of only one of the studiesS2 resulted in an 
analysis that is highly significant for the effect of EMD 
and the heterogeneity is non-sign’ficant. For.both out- 
come variables the m&a-analysis suggests that there 
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is ‘a consistent and highly significant beneficial effect 
for EMD. 

He@ et af.% published the earliest results demonstrating 
.the effects of EMD ‘in a multi-&nter RCT. This investi- 
gation studied 33 subjects with patred 1 - or 2-wall osseous 
defects in a split-mouth design (-E%1D + mod&d Widman 
fla’p .[yWF] or MWF alone). The treated,.def&ts were . 
evaluated at 8, 316, and 36 months post-treatment and 
,assessments were made for changes in PD, CAL, REC, 
and radiographic bone density. Mean values for CAL gain 
in EMD and control sites at 8 months were -2.1. and 
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Reference Nl N2 Effect N Total P Y&e -4.00 -2.00 0.00 2.00 4.00 

Sculean 20014 14 14 0.240 28 0.519 
Tonetti 2002= 83 83 0.346 166 0.026 
Zetierstrijm 1997” 33 105 0.507 138 0.012 
Heiji 1997” 34 34 0.521 68 0.033 

-porttorierolQQQ” -10 10 0.817 20’ a.072 
Okuda 200030 15 15~ 0.902 30 0.017 
Froum 2001” 23 23 1.980 46 0.060 
Sil~estri 2OOdl 10 10 2.118 20 o.oclo 

Fixed Combined (8)222 244 0.612 516 0.000 
Random Combined (8)222 294 0.820 516 0.000 b. + 

i=ontrol EMD 

Figure I. 
M~tounolysis depicting the effectiveness offhID combined with su&ry on prubing depth reduc?~on 
us compared to contrcd flop surgery alane. The use of EMD shqwed 0 &$iiant impfweinent in PD 
&m&n. Heterogeneity was signiftcunt with P <O.OOOf . . 

Reference 
Time 

(months) Nl N2 Effect N Total P Value -2.00 .-LOO 0.00 1.00 2.00 1 

Zett&trijm 1997’5 8.000 
Tonetti 2002D5 12.000 
Heij11995x 8.000 
Okuda 2000% 12.000 
Pontoriero 199gy 12.000 
Sculean 2001’ 12.000 
Froum 2001p 12.000 
Silvestri 2002= 12.000 

Fixed Combined (8) 
Random Combined (8) 

33 33 0.347 66 0.158 
83 83 0.392 166 0.012 
34 34 0.441 68 0.070 
15 15 0.889 30 0.01s 
10 10. I.031 20 0.026 
14 14 1.058 28 0.008 
23 23 1.108 46 0.000 
10 10 2.246 20 0.000 

222 222 0.610 444 0.000 
222 222 0.767 444 0.000 

Control Control 

Figure 2. 
Mets-analysis depicting the effectiveness ofEMD combined with surgery on chicol onochment level 
gain as compared to contml’fbp surgery ulone. The use of E&l13 showed o srgnifrcont Improvement 
in CAL gain. Heterogeneity Cohen’s D, P = 0.04, Hedge’s g P = 0, /6. 

1.5 mm, respectively; ai ‘16 months, 2.3 and 1.7 mm, 
respectively; and at 36 months, 2.2 mm and 1.7 mm, 
respectively, with statistically significant differences at all 
time points. The radiographic bone density changes 
increased over the 36 months (66% fill) at the EMD sites 
while the bone level remained eSsentially unchanged in 
the MWF-treated sites. 

Z&terstriim & a1.,55 reported findings from a s.afety 
study that -also included efficacy for ..the repeated 
applidation of EMD to periodontal defects .in a quasi- 
experimental design. A total of 140 subjects possessing 
24 mm deep osseous defects were recruited for stud$ 
Thirty-three individuals served as controls and the other 

: 
1 

107 had 2 surgical sites treated 2 to 6 weeks apart to 
determine the immunological responses to the’repeated 
EMfJ applic#.ion. Serum samples were taken for assess- 
ment of total and specific antibody. levels. Hone of the 
harvested serum samples at various time points re&aled 
indications of an antibody response that was different 

. 
from the baseline values- Further- 
more, statistically sigtiificant results 
were found between EMD and con- 
trol treatments for PD, CAL, and 
radiographic bone density for up to 
3 years (a total of 65 individuals 
were evaluated at the ,3-year time 
point). The investigators stated.that 
the 2.5 to 3 mm increase. in CAL 
and radiographic bone level was 
similar to other studies reported for 
EMD. 

The study by Silvestri et al.52 
reported the results from an RCT 
that included a total of 30 patients 
comparing 3 surgical- modalities: : 
GTR plus flap, MWF alone, and 
UvlD plus flap. Following surgical 
therapy the outcome measures 
evaluated were CAL gain, PD reduc- 
tion, and REC. Comparing, 12- 
month results, it was noted that 
EMD iesulted in 4.8 and 4.5 mm 
improvements‘ in PD 2nd CAL 
changes, respectively, while MWF 
surgery alone resulted in 1.4 and 
1.2 mm improvements in PD and 
CAL, respe@vely. Furthermore, the 
results between the positive control 
GTR and EMD were found to be 
similar, with no statistically signifi- 
cant differences between the groups. 

A study by Froum et aI.= com- 
pared OFD with and without EMD 
in the treatment of intrabony 
periodontal lesions. Twenty-three 
subjects with a minimum of 2.intra- 

bony.defects were entered into this split-mouth design 
RCT. Closeg measures (PD. CAL, gingival index [Gf], 
plaque index [PI]) .and open bone measures (surgical 
re-entry at 1 year) tiere performed in a total of 53 
osseous defects. For all categoiies, w.ith the exception 
.of PI and 61, EMD was st&istically superior to OFD. 
END resulted in 2.7 mm and 1.5 mm improvements in 
PD and CAL, re+ect.ively a& cdmpaFed to OR). On aver- 
age, os,seous defect fill was -3 times greater for EMD as 
compared to OFD (74% fill for I-%1zD veisus 23% fill for. 
OFD). In terms of defect resolution (considering crestal 
resorption), the mean resolution for EMD treated defects 
at 12 months was 83.2%, while OFP sites revealed 
48.1%. These differences were statistically significant. 

A ctimpar$ive study by Sculean and co-workers46 
evaluated the treatment effect of EMD, GTR, combi- 
nation of GTR + EMD, and OFD alone on the repair of 
intrabony p&odor&al defects. This. 12-month RCT 
enrolled 56. subjects each p&sessing one intrabony _ 
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defect m&suring ti mm in depth. Several parameters 
were assessed (Table 1). The results of the study found 
that all therapies led to PD reduction, but without sta- 
tistically significant differences between the groups. 
However, for CAL, EMD, and EMD + GTR were supe- 
rior to OFD, white no additive effect was noted when 
EMD was combined with GTR. 

Tonetti et al,65 reported results of the largest RCT per- 
.formed td date comparing EMD to papilla preservation 
surgery in patients with severe periodontitis. This multi- 
center (12 sites in 7 countries) investigation evaluated 
a total of 172 subjects, with 166 individuals completing 
the study at 12 months. Patients required the presence 
of at least one intrabony defect of >3 mm. The clinical 
par&meters included PD, CAL, and REC. EMD enhanced 
3.1 mm of CAL gain, while flap only resulted in 2.5 mm 
of CAL gain. EMD protnoted 3.9 mm decrease in PD, 
while flap only resulted in 3,3 mm PD reduction. Differ- 
ences between EMD and control were statistically sig- 
nificant for I&h .PD and CAL: Both groups displayed 
0.8 I;nm of REC post-treatment. Multivariate analysis 
demonstrated treatment effects based on treatment cen- 
ter, baseline PD. and the presence of defect corticaliza- 
tion (all at P<O.Ol). 

Okuda et aL30 reported the results of a split-mouth 
design RCT on a Japanese p&ient population. A total 
of.16 individuals, each of whom posseSsed a minimum 
of one pair of contralateral bony defects were recruited 
to compare EMD plus flap surgery to flap surgery alone. 
At baseline and the 12-month visits several parameters 
were assessed including changes in PD. CAL, Gl, bleed- 
ing on probing (BOP), mobility, and radiographic bone 
density. Statistically significant improvements in PD, 
CAL, BOP, and radiographic bone density were noted 
between OFD and EMD plus OFD at 12 months. EMD 
treatment resulted in 20.2% gain in bone density, while 
flap alone resulted in a 3.9% loss (P&05), 

Pontoriero et ai.34 provided results from a RCT co&- 
paring EMD to 3 diffeient GTR barriers or flap surgery 
(cotitrols) in a split-mouth design. The entry’ criteria for 
the osseous lesions included contralateral angular 
bony defects, .Prj 16 mm, CAL 27 mm, and an intrabony 

. defect measuring 23 mm. Twelve months following 
surgeiy the treatment sites were remeasured. No dif- 
f&enceS ‘were noted between the EMD and control 
groups for recession. [both 1.7 mm increask froin base- 
line). EMD treatment resulted in 4.4 and 3.0. mm 
changes for PD and CAL, respectively, whiIe control 
surgery gave 3.5 mm and 1.8 mm changes for PD and 
CAL, respectively. The differences were statiStic&lly 
significant between EMD and control. UvlD showed no 
evidence of a difference in resulti as compared to the 
3 other GTR treatment modalities. 

Of the remaining studies directed at determining the 
effects of ,EMD on periodontal repair, &e majority were 
.either case series or case reports. In general, these stud- 

ies found that the application of EMD greatly enhanced 
CAL and bone gain as well as promoted probing depth 
reduction. In addition, histological evidence of peri- 
odontal regeneration to varying degrees was reported 
in sevetif case reports.26p29*43v54*s Thus, in total, the 
effects of EMD appear to be very consistent in terms 
of promotion of clinical attachment level gain and prob- 
ing depth reduction in humans above that of controls 
(flap surgery alone). 

DISCUSSION 

A goal df a systematic review is to take into consider- 
ation existing hierarchical evidence to determine the 
utility of treatment apProaches for $eIivery of patient 
care. GAFs for periodontal repair represent one of the 
most rapidly ‘developing technologies in periodontol- 
ogy. Much progress has been made in this area over the 
past decade; however, many of these therapies are still 
in their nascent stages. As described in the reSu1t.s 
section, the only membkr of GAFs available for sys- 
tematic reGiew was EMD. Nevertheless, brief highlights 
for the most well studied GFs for periodontal tissue engi- 
neering- are presented below: FGF-2, PDGF or. PDGFj 
IGF-1, and the BMPs. This section, will conclude with a 
discussion related to the EMD studies presented above 
and their impact toward achieving the ultimate goal of 
predictable periodontal regeneration in humans. 

BONE MORPHOGENETIC PROTEtNS 
Bone morphogenetic proteins (BMPs) belong to the 
large superfamily of transforming giowth factor B (TGFB) 
proteins. 67 BMPs are powerful regulators of cartilage 
and bone formation during embryonic development and 
regeneration in post-natal life. A striking and discrimi- 
natory feature of some of these proteins is their ability 
to induce c&z nouo endochondral osteogenesis in ectopic 
sites (e.g., skin or muscle).68 

Preclinical aniinal models have shown a Potent eff> 
of BMP-2, on bone.appositiori to implant surfaces.@*M 
The clinical use of BMP-2 in humans has been recently 
reviewed.72 Recombinant human W-2 ha& been safely 
applied for implant. site develbpment73 and for sinus floor 
elevation in human trials74 (also see systematic review 
foi alveolar ridge augmentation7’). Margolin et al. found 
increases iq. bone mineral density, using BMP-7 (oi 
osteogenic: protein- 1 fOP- I]) that was similar to.the car- 
rier abne.76 Van den Bergh et al. .also report& iriitial data 
on 3 human subjects treated with BMP-7 for sinus fIoor 
augmentation.77 The authors concluded that the OP-I 
device has the potential for initiating bone formation‘ in 1 
the human maxillary sinus within 6 months after a sin& 
floQr elevation op&ation. However, the various findings 
in the patierits studied indicate that the behavior of the 
material is at this moment insufficiently predictable.‘? 

BMPs have shown potent effects in stimulatifig perio- 

dontal tissue repair in several experimental animal model 
BM003420 
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systems.*1-13-7a~79 In most of these studies of large critical evaluation in late 2003 (from BioMimetic Phannaceu- 
size aiveolar bone defects, bone and cementum were pre- ticati, Franklin, Tennessee). 
dictably regenerated, Bowers et al. demonstrated signifi- 
cant periodontal regeneration in humans using DFDBA ENAMEL MATRIX DERIVATIVE 
plus a partially-purified extract‘of BMP (osteogenin, also One strategy for promoting periSdontal regeneration is 
called BMP3). “Pin point” ankylosis was noted on sub- 
merged roots treated with DFDBA plus osteogenin.lg 

to mimic the specific events that occur on’ the de&lop- 
ment.df.supporting tissues during tooth organogenesis. 

Human trials using recombinant molecules- have been It has been shown that inner celis from the Hertiig’s 
completed to examine the efficacy of BMP-2 or BMP-7 epithelial root sheath (apical extension of &he aental’ 
for regeneration of chronic pe;iodontitis lesions (from organ) have a secretory stage prior to cementum forma- 
Genetics Institute, Cambridge, Massachusetts and Stryker tion, s.ugg&ting that epithetial-m&enchymal interactions. 
Biotech, l-lopkinton, MassBchusetts, respectively). The are essential fdr formation of the periodontjum.92~g3 in 
results however have not been released at this time. To recent years, several clinical studies have been con- 
date, no local or systemic safety concems.have been ducted using EM[) for multiple periodontal indications 
noted in humans after local ap$k%ion of W-2 or BMP-7 such as treatment Of intrabony defects,“*25p52T55Jj5 in 
in periodontal osseous. defects (unpublished, datd). conjunction with GTR,34~4~45*ti~256 @ combination with 

FIBROBLAST G’ROWTM FACTOR (FGF-2) 
bone graftqg2 together with gingival curettage,g3 and foi 

Basic fibroblast grqwth factor (bFGF or FGF-2) is a 
root ‘coverage procedures.94*g5 Clinical trials compdring 
GTR wit,h EMD have generally found no evidence of a’ 

member of a heparin-binding family that possesses difference in clinical parameters in the treatment of intra- 
potent angiogenic properties. FGF-2 is mitogenic and 
chemotactic for endothelial cells, fibroblasts** and peri- 

bony defects.34*3g*45 In addition, GTR plus EMD has 
shown n6 additional effect in clinical parameters’when 

odontally-derived cells.81 Among other origins, bFGFs compared to each component alorie.45 Although this 
are synthesized by inflammatory cells and are stored systematic review focused on the parameters with the 
in the extracellular matrix by binding to heparan sul- most plentiful data (i.e., CAL. and PD changes), it has 
fate proteoglycans. FCF-2 has been extensively stud- been noted. that EMD, appears to be safe with single 
ied for its role in dermal wound heating both in -tire- and &ltipre administration in terms of lack of elicitation 
clinical and in human clinical trials.** More recently, of antibody responses or other local/systemic inflam- 
periodontal models reveal a potential benefit of FGF- matory events.23*55 EMD stimulates bone regeneration 
2 for closure of class 3 furcations or for regeneration 
of &trabony 6-8 To date, no human trials are 

as measured at surgical re-entry, radiographically, 
defects. and histologically. 22J5*X*29*43*55 Furthermore, EMD has 

ongoing using FGF-2 for periodontal repair to the demonstrated notable consistency among the studies 
knowledge of the reviewers. investigated in terms of superiority to.controls (in gen- 

PLATELETDERIVED CRhVTH FACTOdS 
eral, OFD) and either equivalence or no significant 

Granules of platelets are a source of PDGF but may 
differences between GTR.‘ Thtis, the evidence as deter- 

be produced by tiany cell types. There are 4 isoforms 
mined by this systematic review supports the util@ation 
of. EMD for perk&r&al osseous defects to promote CAL 

of pDGF (-A, -B, -C, and -D), although alf periodontal 
studies have investigated -A and -B chains.*’ PDGFs 

gain and PD reductiori. Nevertheless, long-term benefits 

exert m&iple biological responses, including mitoge- 
of END have .riot been demonstrated, including those 

n&is and chemotaxis of peri,odontal ligament fibrob- 
relevant to tooth survival. Future clinical prddcols that 

lasts,84 cementoblasts,85 and osteoblasts.86 
proyide detailed descriptions of defects that include 

There is evid&ce that PDGF has potential for enhanc- 
patient-specific characteristics should assist in defining 

in& periodontal wound healing, A single bolus d&very 
clinical indikations for EYW use as a part of periodontal 

of PDGF alone or cotibined with insulin-like growth fac- 
regenerative t+rapy. 

tor-1. (JGF-3 ) for a transient period appears to be suffi- REVIEWfZ&$t .CONCLUSlONS 
cient to enhance the regenerative process. It has been . . 1. There is evidence suppotting. the use of-END 
suggested. that this is due.to the fact that many critical 
events involved in wound rep&r occui within the first few 

f6r periodontal osseou% defects to improve CAL and 

days.57 PDGF has also shown Positive stimulatory 
reduce PD, although long-term benefits have not beeri 
established. 

effects .on periodontal r&generation in preclinicat non- 
human primate models58@~62?.and in a mu&-center 

2.. EMD has demonstrated notable co&istency 

htiman triaL61 PDGF-BB piomotes periodontal regen- 
aeong the studies investigated in. terms of superiority 

eration at the histolo& level’as published in two recent 
to c,ontrols (iti general compared to OFD), 

3. EMD appears to be safe For single and multiple 
human case reports. 88*8g In addition, a multi-center a+ministr$ions in terms of lack of elicitation of antibody 
human triat of 13 centers is oqgoing with results due for responses or other local/systemic inflammatory events. 
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4. Preclinical and initial clinical data for growth 
factors appear promising but are insufficient to draw 
definitive conclusions at this time. 
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APPENDIX A 
CONSENSUS REPORT 

Members of the Section read and studied the review 
titled “Growth and Amelogenin-like Factors in Periodontal 
Wound Healing. A Systematic Review” by William V. 
G iannobile and Martha J. Somerman. The focused PlCO 
question addressed by this evidence-based systematic 
review is: “In patients with periodontal osseous defects, 
what is the effect of growth and amefogenin-like factors 
(GAFs) compared with controls on clinical, radiographic, 
histologic, adverse, and patient-centered outcomes?” 

1NTRODUCTiON 
Two authors searcheb for preclinical and clinical 
studies in the English language utilizing MEDUNE, pre- 
MEDUNE, and the Cochrane Oral Health Group Trials 
Register (CCTR) as the on-line databases. Publications 
up to April 2002 were selected based on qualifier ter- 
minology. A manual search was performed to include 
the international Journal of Periodontics and Restora- 
tive Dentistry, Journal of Clinical Periodontology, Jour- 
nal of Dental Research, Journal of Periodontal Research, 
and Journal of Periodontology. Following this, abstracts 
of articles derived from this broad search were screened 
and pertinent publications were further reviewed on 
full-text format. Final selection was based on prede- 
termined inclusion and exclusion criteria. Section mem- 
bers evaluated the manuscript that summarized this 
information and in open forum evaluated the evidence 
and con&&ions brought forth from this review. 

1. D.oes the section agree that the evidence-based 
systematic review is complete and accurate? 
The Section was in agreement that the systematic 
review was accurate and complete. The focused-ques- 
tion was viewed as appropriate to address the content 
of the. available evidence. 

2. Has any new information been generated 
or discovered since the evidence-based search 
cut-off date? 

, A systematic review evaluating grafting biomaterials/bii- 
1 logical agents with open flap debridement (OFD) was 

reported by Trombelli et al., wha used a meta-analysis 
to demonstrate the ‘effectiveness. of an enamel-matrix 
derivative (EMD) combined with OFD in treatment of 
deep intraosseous defects. The results of the analysis 
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.showed EMD promoted a significant improvement in 
clinical attachment level (CAL) above controls.* 

Three additional citations have been identified that 
support the conclusions of the current systematic review 
and provide new information on the potential mecha- 
nism’ of ameiogenin-like factors: A randomized con- 
trolled. clinical trial (RCT) by Yilmaz et al.;2 A human 
histological study by Scuiean et at.;3 and a preclhical 
investigation provided information on the potential 
mechanism of amelogenin in regulating behavior of 
cells within the periodontium.4 

3. -Does the section agree with the interpretations 
and conclusions of the reviewers? 
The Section agreed with the interpretations and con- 
clusions of the review. . 

1. There is evidence supporting the use of EMD for 
periodontal ossequs defects to improve CAL and 
reduce PD,. although long-term benefits have not been 
established. 

2. EMD has demonstrated notable consistency 
among the studies investigated in terms of superiority 
to controls (in general compared to OFD). . 

3. EMD appears to be safe for single and multiple 
administrations in terms of lack of elicitation of antibody 
responses or other local/systemic inflammatory events. 

4. Preclinicaf and initial clinical data for growth 
factors appear promising but are insufficient to draw 
definitive conclusions at this time. 

. 

4. What further research needs to be done relative to 
the focused questions of the evidence-based review? 
It was the consensus bf the Section that the following 
,research .needs should be addressed: 

1. Broadened sources (e.g., foundational, industrial, 
National lnstitiutes of Health) of support for’random- 
ized controlled clinical trials to expand the knowledge 
base on these emerging technologies. 

2. Emphasis on defining the &rnposition of the mate- 
rial being used and in understanding its mechanism of 
action. This information will aid in providing a sound 
rationale for its use and improving treatment outcomes. 

3, Conduct trials that compare emerging technolo- 
gies with current therapies (e.g., non&rgical, resective, 
and regeneracve). fncreased’emphasis should be placed 
on the magnitude of tha outcome, treatment prediibilii,. 
and adverse events (e.g., root resorption,-root Sensitiv- 
ity, ankylosis) to establish risk/benefit ratios. 

4. Perfprm prospective long-term (i.e., 3 years or 
Longer) studies on treatment outcomes (e.g,, CAL gains 
and pD reductions and bone level improvements) to 
determine their stabitity, 

5. Evaluate. the effects of the treatment on patient- 
centered out<omes (e.g., comfort, esthetics, ease of 
maintenance,. function, tooth retention, and systemic .-. 
status) to enhance patient acceptance. 
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6. Investigate defect morphologic factors that influ- 
ence treatment outcomes to provide guidelines that 
enhance predictability. 

7. Identify the roie of systemic risk factors, acquired 
or environmental (e.g., smoking,. diabetes), in influ- 
encing, treatment outcomes. 

8. Assess factors that affect clinical predictability 
(e.g., pm- and postsurgical patient management, intra- 
marrow penetration, flap design, root preparation, oper- 
ator experience). 

9. Research on effective carriers/scaffolds for the 
delivery of bjoactive fbctors and cells to promote peri- 
odontal tissue engineering. 

IO, Controlled trials are needed to better’under- 
stand the role of autologous platelet gel’ (j..e., pfatelet- 
rich plasma) for periodontal wound healing, 

11. Conduct multi-center, randomized controlled 
cJi&cal trials using novel tissue engineering devices 

-. with bjoactjve factors. 

5. How can the information from the evidence- .. 
based review. be applied to patient management? 
A. The evidence supports the use of EMD for peri- 
odontal osseous defects in patients to promote CA1 
gain and PD reduction. 

Level of Evidence:5 Strong.’ 
Rationale: Assignment of a %rong” level of evidence is 

based on 7 RCTs and a non-randomized controlled trial. 
B. The evidence supports the use of EMD for bone 

regeneration in patients as assessed by the following 
outcomes 

i. Surgical re-entry: 
Level of Evidence: Moderate. 
Rationale: ‘Assignment of this level of evidence js 

based on re-entry data shown in 1 RCT. 
jj, Radiographic: 
Level of Evidence: Moderate. 
Rationale: Agsignment of .this level of evidence is. 

based on one multi-center RCT. 
iii. Histologic:. 
Level of Evjdence:, Limited. 
Rationale: Assignment of this level of evidence js 

based.on 4 independent human.hjstoiogy case reports. 
C. The results of the systematic review suggest no 

evidence of a difference between EMD and barrier 
-membranes relative to CAL gain and‘pD redu&on. 

Level of Evidence: Limited.. 
Rationale: Assignment of this level of evidence is 

based on 3 RCTs demonstrating nonsignificant djffer- 
ences between groups. 

D, lnjtial available evidence supports the use of 
growth factors (i.e., bone morphogenetic proteins 
[ BMPs) and platelet-derjved growth factor [PDGF- BB)) 
to improve patient outcomes. 

Level of Evidence: limited. 
Rationale: Assignment of this level of evidence js 

based on the following: 1 RCT with human histology 
studying BMps (i-e., osteogenjn); 1 RCT for PDGF-BB 
combined with insulin-like growth factor-l (JGF-1), and 
2 c&e reports (with human histology for PDGF-BB). 

1. 

2. 

3. 

4. 
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PACKAGE INSERT 

GEM 21SrM 
GROWTH-FACTORENHANCEDMATRIX 

DESCRIPTION: 

GEM 21sTu is a completely synthetic bone regeneration system composed of a 
purified recombinant growth factor and a synthetic calcium phosphate 
matrix. It is implanted into a periodontal osseous defect to physically fill the 
bone defect and provide a biocompatible, osteoconductive, three-dimensional, 
growth factor enhanced matrix to facilitate new bone formation. 

GEM 2fSm is replaced by the patient’s own bone during the healing process. 

GEM 21SM is composed of two sterile components: 

0 synthetic beta-tricalcium phosphate (l3-TCP) [Gag (PO4)3, a highly porous 
bone void filler that serves as the osteoconductive matrix; and 

l highly purified, recombinant human platelet-derived growth factor-BB 
(rhPDGF-BB) which serves to enhance the physical properties of B-TCP by 
promoting bone and ligament cell proliferation (mitogenesis), cell 
migration (chemotaxis) into the wound and matrix, and promoting 
revascularization (angiogenesis) of the surgical site. 

Pore diameters in the scaffold are specifically designed for bone ingrowth and 
range from 1 to 500 pm. The particle size ranges from 0.25 to 2.0 mm. As 
the implant is replaced, bone and other resident connective tissues grow into 
the space previously occupied by the scaffold. 

rhPDGF-BB is a normal protein constituent of blood platelets. It is one of the 
main tissue growth factors in the body and is released specifically at sites of 
injury during blood clotting. Extensive in vitro and animal studies have 
demonstrated its potent mitogenic (proliferative) and chemotactic (directed 
cell migration) effects on bone and periodontal ligament derived cells. 
rhPDGF-BB has been shown to promote the regeneration of periodontal 
tissues including bone, cementurn, and periodontal ligament (PDL) in 
numerous animal studies as well as in published human clinical studies. 

INDICATIONS: 

The GEM 21sTM is intended for use as a bone replacement and regeneration 
system. GEM 21sTM is indicated to treat osseous defects resulting from: 
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* Periodontal disease; 
l Cystectomy; 
. Apicoectomy; 
l Deficient alveolar ridges; and, 
l Tooth extraction. 

HOW GEM 21STM IS SUPPLIED: 

GEM 21STM kit consists of: 

(1) a container of 0.5 cc of R-TCP particles 
(0.25 to 1.0 mm); 

(2) a solution of 0.5ml rhPDGF-BB 
(0.3 mg/ml) contained in a syringe; 

(3) one 23 g blunt needle (or blunt end 
cannula). 

All of these components/accessories are supplied sterile. 

HOW THE GEM 21S”‘M BONE REGENERATION GRAFT IS CREATED: 

At the time of surgery, the clinician creates the GEM 21STM bone graft by 
fully saturating the l3-TCP particles with the rhPDGF-BB solution and 
letting the product sit for approximately ten (10) minutes before packing it 
into the periodontal defect. Standard surgical techniques are employed to 
complete the procedure. Any unused product must be discarded. 

ACCESSORIES: 

One 23 g sterile blunt needle (or blunt end cannula) is included in each kit as 
an accessory for the clinician’s convenience in saturating the B-TCP with the 
rhPDGF. It is designed to fit onto the end of the syringe containing the 
PDGF. It is not intended to be used to inject rhPDGF-BB systemically. This 
needle or cannula is for.single use only and must be discarded after the 
procedure. 

CLINICAL STUDY: 

A 180 patient, double-blinded, controlled, prospective, randomized, parallel 
designed multicenter clinical trial in subjects who required surgical 
intervention to treat intraosseous periodontal defects was completed. The 
duration of the study was six (6) months following implantation of the study 
device. Patients were randomized into three treatment groups: 
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. Group I: B-TCP and 0.3mg/mI PDGF 

. Group II: &TCP and X.Omg/ml PDGF 
* Group III: .S-TCP and buffer alone (active control) 

The study revealed no evidence of either local or systemic adverse effects 
resulting from placement of GEM 21STM. 

The study assessed clinical attachment levels (CAL) at 3 and 6 months as 
well as radiographic bone fill (%BF) and linear bone growth (LBG) at 6 
months. The significant study findings are summarized in the following 
table. Statistically significant differences between Group I (GEM 21STM) and 
Group III (the active control) are identified with an asterisk (*). 

SUMMARY QP GEM 21P EFFECTIVENESS .______------ ----- 

Composite Analysis=Percent of patients with a successful outcome as defined by 
CAL?27mm, LGB>l.lmm, and %BF214.1%. Other abbreviations: AUC=Area Under the 
Curve; GR=Gingival Recession; LCB = Lower Confidence Bound 

GEM 21STM was shown, by both clinical and radiogranhic measures, to be 
effective in treatinp moderate to severe intraosseous periodontal defects 
within six months of implantation. 
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META-ANALYSIS 

Comparisons of the GEM 21s TM clinical results were made to the 
clinical outcome findings (“meta-analysis”) conducted by the American 
Academy of Periodontofogy and reported by Reynolds et al. and Giannobile et 
al. in the December 2003 issue of the Annals ofi’eriodontology. Ai a/ The lead 
authors of each of these articles compared GEM 21STM (B-TCP+0.3mg/ml 
PDGF) to the results reported in their respective published articles. 

In the first analysis, Dr. Mark Reynolds, the lead author of the 
article on bone substitutes; concluded that the GEM 21STM clinical study 
patient population was comparable to the patient population described in the 
published meta-analysis, based on their baseline characteristics. The author 
compared GEM 21STM’s and current periodontal bone grafting materials’ 
clinical attachment levels, probing depths, and linear bone fill. The results 
are summarized in the following table. 

GER [ 2.76 3.17 2.11 
GOR 1 2.33 3.18 2.83 
GLA !I 2.31 ~ 3.37 I 2.56 
Emdogain 2.67 3.68 1.10 
PEP GEN 1.10 3.2 
GEM 21STM 3.7 I 4.4 2.52 
B-TCPAlone 1 3.5 1 I 4.2 I 0.89 I 

Abbreviations: 
OFD=open flap debridement; ALLFallograft; AUT=autograft; CER=ceramic; COR=coralline; 
GLA=Bioactive glass 

J/ Reynolds, M.A., Aichelmannn-Reidy, M.A., Branch-Mays, GL, 
Gunsolley, JG. The Efficacy of Bone Replacement Grafts in the Treatment of 
Periodontal Osseous Defects. A Systematic Review. Ann Periodontol 2003, 
8~1: 227-265. 

2 / . Giannobile, WV, Somerman, MJ. Growth and Amelogenin-Like 
Factors in Periodontal Wound Healing. A Systematic Review. Ann 
Periodontol 2003, 8:l: 193-226. 
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The author concluded that the GEM 21STM study results demonstrated its 
clinical effectiveness in the treatment of periodontal bone defects and 
provided favorable outcomes compared to these historical clinical measures. 

Drs. William Giannobile and Martha Somerman, the authors of 
the article on enamel matrix derivatives and growth factors, compared the 
clinical and radiological effects of GEM 21STM to those reported in their 
article for Emdogain and open flap debridement, both of which are current 
standards of care. The results are summarized in the following table. 

LINEAR BONE CAL 
TREATMENT BONE FILL GAIN 
MODALITY GAIN w (MM) 

(MM\ 

OFD t 2.3 

The authors concluded that GEM 21STM is safe and effective and was likely to 
provide superior results in clinical applications where bone augmentation is 
warranted. 

Both meta-analyses showed that GEM 21STM compares 
favorably to the current treatment options for periodontal bone defects. 

CONTRAINDICATIONS: 

As with any periodontal procedure where bone grafting material is used, 
GEM 21sTM is CONTRAINDICATED in the presence of one or more of the 
following clinical situations: 

l Untreated acute infections at the surgical site; 
l Untreated malignant neoplasm(s) at the surgical site; 
l Patients with a known hypersensitivity to any product component (B-TCP 

or rhPDGF-BB); 
l Intraoperative soft tissue coverage is not planned or possible; and 
l Conditions in which general bone grafting is not advisable. 

SIDE EFFECTS AND WARNINGS: 

The following adverse events may occur in any bone grafting procedure that 
includes the administration of local anesthesia: swelling; pain; bleeding; 
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hematoma; dizziness; fainting; difficulty breathing, eating, or speaking; 
sinusitis; headaches; increased tooth mobility; superficial or deep wound 
infection; cellulitis; wound dehiscence; neuralgia and loss of sensation locally 
and peripherally; and, anaphylaxis. 

Occurrence of one or more of these conditions may require an additional 
surgical procedure and may also require removal of the grafting material, 

Although no serious adverse reactions attributable to GEM 21PM were 
reported in a 180 patient clinical trial, patients being treated with 
GE2M 2.ZSRy’ may experience some of these adverse events. 

PRECAUTIONS: 

GEM ZIP is intended for use by clinicians familiar with surgical grafting 
techniques, 

It is not known if GEM21SrM interacts with other medications. The use of 
GEM 21P with other drugs has not been studied. Carcinogenesis and 
reproductive toxicity studies have not been conducted. 

The use of GEM 21sTM in pregnant women has not been studied; it is not 
known whether rhPDGF-BB is excreted in nursing women. 

The safety and effectiveness of GEM 21Sm in pediatric patients below the 
age of 16 years have not been established. 

GEM 21SrM is a prescription device. No specialized training is required 
specific to the use of the GEA4 21P device beyond that required to perform 
bone grafting procedures in general. 

Careful consideration should be given to alternative therapies prior to 
performing bone grafting in patients: 

0 Who have severe endocrine-induced bone diseases (e.g. 
hyperparathyroidism); or 

l Who are receiving immunosuppressive therapy. 

The GEM 21STM bone grafting material is intended to be packed into 
periodontal osseous defects. It must not be injected systemically. 
GEM 21STM’s radiopacity is comparable to that of bone and diminishes as it is 
resorbed. This moderate radiopacity may mask underlying pathological 
conditions and must be considered when evaluating x-rays. 

DIRECTIONS FOR USE: 

Familiarization with the device and proper instrumentation techniques are 
extremely important. Radiographic evaluation of the defect site is essential 
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to accurately assess the extent of a traumatic defect and to aid in the 
placement of the grafting material. 

Following exposure,of the bony defect with a periosteal flap, all granulation 
tissue must be carefully removed. Thorough soft tissue debridement of the 
bone defect is critical to successful bone ingrowth because the soft 
granulation tissue, if left in the defect, could be stimulated by the rhPDGF- 
BB component. Exposed tooth root surfaces should also be thoroughly 
planed. The entire amount of rhPDGF solution in the syringe should be 
added to all of the D-TCP in the container, and these components thoroughly 
mixed into order to fully saturate the D-TCP with the rhPDGF-BB solution. 
The graft product should sit on the surgical tray for approximately ten (10) 
minutes before being implanted. Hemostasis should be achieved prior to 
placement of GEM 21Sr”. 

The clinician, based on his or her experience, estimates the amount of 
GEM 21STM needed to fill the bony defect. For best results, GEM 21sTM must 
fill the defect. 

The saturated GE&I 21STN is firmly packed into the bone void, taking care 
not to crush the particles. In order to enhance the formation of new bone, 
GEM 21Sm should be placed in direct contact with-well-vascularized bone. 
Following placement of the GEM 21Sm and completion of any additional 
surgical steps, the periosteal flaps should be sutured to achieve primary 
closure, if possible. Overfilling of the osseous defect(s) should be avoided in 
order to achieve primary closure. 

GEM 21STM is supplied as a single use kit. Any remaining product must be 
discarded. 

Postoperative patient management should follow the same regimen as 
similar cases utilizing autogenous bone grafting. 

STERILIZATION: 

The GEM 21Sm kit components and accessory are sterile: 

0 The container of D-TCP is supplied sterile by gamma radiation 

l Sterile rhPDGF-BB is aseptically processed and filled into the sterile 
syringe in which it is supplied. 

0 The blunt needle (or blunt end cannula) is supplied sterile by gamma 
radiation 

The kit containing the sterile components/accessory is not sterilized. 

The GEM 21STM kit and its components/accessory cannot be resterilized by 
any method. 
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Inspect .each individual sterile component of the kit for structural integrity 
prior to use. If the seal of any inner or outer container is broken or otherwise 
damaged, the product must be assumed to be non-sterile and consequently, 
must not to be used. 

Any opened unused material must be discarded. 

STORAGE CONDITIONS: 

GElM 21STM should bestored at Z-8” C (36-46” F) and should not be frozen. 

Do not use after the expiration date. 

BIOCOMPATIBILITY: 

GEM 21STM biocompatibility has been demonstrated in accordance with the 
International Standard IS0 10993-I:1997 “Biological Evaluation of Medical 
Devices - Part 1: Evaluation and Testing”. 

Caution: Federal Law restricts this device to sale by or on the order of a 
dentist or physician. GEM 21sTM is available by prescriptive use (Rx) only. 

Distributed By: 

BioMimetic Pharmaceuticals, Inc. 

330 Mallory Station No. Al 
Franklin, TN 37067 

March -, 2004 
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